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O-J La Aj 

La jU-«J-a Aj j ^\s> La Aj J 

La Q^»0jdj» Aj j jLojJ La J \j^JLLS* j j Aj j 
La ji^j^a Aj j jjjcJj La (jbj Aj j <—w 2 ^J La l)15*A^*«$3 Aj j 
cJ Utf> I La J b I y>- Aj j ^A IS* I La j Ij^j Aj j 
oJlJLp y>j La <jb Aj j o JlJLp La .XjLwa! Aj j 
^jj^ La Aj j (^jIXj La Aj j 

jjjcj» La d)| ^pbJa Aj j La JJt> Aj j JLgjJ La jlSjj-^u j3 Aj j 

j La jbi^*-vS> Aj j JL-a| La (jlA-ca^j Aj j c_i JA La (jLfljL>t/a Aj j 
La Aj j ^>-1x^5* La jljl^AJadU^a Aj j 

oISsj La L)\jj£ Aj j ol> La jlSbj^a Aj j jl^j La (jl *lS*llj Aj j 
<j|y La jbbJL*~a Aj j .ib^j La (jLjj^aL>- Aj j 
Oi>J La (_£lAAi ji Aj j La jL^wJa Aj j 
La jb^OA j j U-Jj La Aj j 

^aUT^ j>- La Aj j La j|JlaI>o> Aj j l^oI La jLjUxS Aj j 

j^p J CjI>o ^^l-« 4 »jL*i J (_£jlS*l Ai J C*s*»A La <w_*ba A^>A Aj j 





<lS 4j>- J I Jj ^ Jqj 4j 

JJXj J-jI J Cwil j» jlk * jbj^gjb 0^->- 

Cwijl jliU^Bja J oljljli 


j+aJJ* JjI IjtJ jL z a £ * i * t 


f ji-e- J—ijl ^LJijlS (^L^l -u-^j Sy\&> 

UojLi LibJlSb* j ai ^ u ^ NI j 5 Lmj j A^~-j^*>b c ai^ ^ j^NI ol <3^ jj aS' tcu-^l ^Xyy 
Cjjj~ 0 ^ 4JL^yj ^Ufeia^^ LibjlSb* Jj-aI ^y UjJL« AjJI_L« yy^ b .Jjlo.Ul lyy 

b Ij jby>t*zub aS* 1 c.-*.*I 0J-J1 (jj j-^-j A-Lw«j j-i (j-^j^ (j^jl c£[y. ^ ^ b^ 

olpj-v® y« jl j5b jJ& j3 (J^J^ ^ -^.b*J ®«*bol AJU»J-O ^lAix*>e^» Aj jiaj aJLL^ 

jby>*Jijb b tJuijI Jjl JLjj jby>t*£jb a 5 * b» .-Uj L*j Jbj^ lj jSUJijjji 

t^jby JJUj j jbL*>- jl ^y^b b (.pyj^oL-^Lj Ij y L ^Lj.jl 5 , ^>-l Jb* 

<^lju>- Ij yy y-J <. c$bJiSb» yU y UjJL« yj j-> j* ^^b^ybi. b °Lr*- A 

.^b JcjJy^ 

4JLwj yj ^.^ -a i_^Jl^j» y ^Ia^o jJL« (j^J^ °-^b AjIjI l_JUao jl y'bS'yJ 

o ll^oJ gl .C^wujI oJui ^lulL^I ^y^y* yJ jJJ A_ftb* Aa*i ojj-i ^ jl^-uiy> yJbl ol^-*-jb 

^lly y AI-wJ^j yj-i yJj-^ (S^ji J^iaj Cf- ^(Hjb 

^UJ^ai aj jly ^y» Ij jbj y-^j aaU jWt L$by °- i -i' i j^ W 4 ^b jW^r 

l) <l&U a^j j j .jb yabjai^l ^jb j\S j j*m UojLi ^5bjl5^ j olxal>- ^-SbolSbi b a5* j>-I 

.JuiL j»ly l ^Jj- j J Ij Jj.Ij ^5^ yi I A^U jl^>* 

j j^j>- e-jll5" ^ I AJL^^j Aa^jj (_^IjJ oJ-*-j &CJ> S jbb 

j-J. (Jjjj-^ l-i olj^-Jb J^2-® cJy'y? L l^jt aS* ^ilj^ I^Jli ^Ujj^ujIj jljb-*^ 


.j_jlowi_*i o^>o JCwJilj^ JwoL» JjL**^ Ju>- j^ ^L*^L>«j» -U^Uj> (_$I^j a 5* J^j^b° ^Ui^jj 

jjjljjbj j JuloJLij jJC4 JasJl^^^xLo oU<aI>tj> j^jJ U jXo ji»l>*J 

J^ Jj Ju_>- .C^u-I Alij_$o Ojj_^ 3 jjjl ^Ujj^JIj jjy L^ljJ. 

^UsJa-^wo ^5bjl_Sbj C^>tj (jlj-f *^-^ly jby>t-iJb aS* CU-^I oj-i CU^j^f '^-mJ 

j ^u*>-Lji (JjlA^iUwj Jj J^ .-UjLoJ Aj*^ly> 1^51 jljj L y>y*S' ^Ujy^jlj y^J>-y 

.JjI©J-J» 0 ^y jl^ y°j* J CjN^I*j» ^lyl O-^jjl Jj <_£ljJ jd^b^ 

J&y y Aj jl y ^y> Ij c J J J-sAS j^ o-Li AjIjI ^yujb^l ob^bj jl l-b*- 



(£ (Lto C-SLkJ ^0 


aS” -Lil^ jl^>- j ^ <j;UJ -msj jj c^S*^*- j 4 ^jS* Jj-^l J-*Li 4 Jjl c^-^J .cui^ 

J-5 Ij ojljjl J <_£jjj! <. L ^S~>J 1 J L JaJ^JljS 0*5jjf O-M-Ju jl ^JLcu 

l5LjL 5C< ^LoJL« j^ jli" oi>- a£” ou-J (ji-o Jujai J^Li 4 .j jb J-^ai 

(j^l 0^>" (jbij Ij ^lAojLi J i>" 1 jbij AJL-w j-J ^1 A La 

(j^J-Jj tO*J I O-Lo <jJ J OJ A1 *a»^J l5Lj 15L» jJ Jjl 4-^ilS" J j^2 JLo Aj 4-jllS" 

6-0^1 oo—0-j uS 5ij_^>- Aj^Jaj <jjj ^^>0 Aj^y> ojjj ^U jl ^paj 4 -JIL 0 

AiijOL^j ^LgjLi'jl Ij c*>o JjL jj^oaJ^Vp jL$Jlj1j>- .c^-jI o-Li 4j|jl L yp\j>- ^^-ojLujI A_bl*^ 
Aj) ( J^3J Jj4> jL L jJ . JJOS^ ( w^JU ^wjL*i( A_bbtjj Ajcwjjj ^1l^j jr* C^-wui jJ o-Li O-—j^i 

jt^^jb J L$b^ ^ J jb jl (^_5b JuMai 

j^ do j^j jJ o-L Zi Ajljl (^_JIJa*« jl Ij { jZj j^- oSjJ L^jI ^Jl>- I- 1 O^jljj 

.OIwjI o-Lv** a i y*j a_Lw^j» \ A ^ ^ j j OwLO ^Jw>- jJudo 

Ojj^-U Jj^b ^jL Ij L> C-jbS' JJ I <U$J Jj A^ ^L j jlyl Aj jlSJd^j y c_Jlpl Jl* la 

ooSjLLo jl aS* ^j ^ Ij obji jl i_^j j> ^L.1 p ^o^j jjli aj>- j5"l 

jl oU (^LaA-w5>j__j a_S" Jjb ^yL^>tJob jl AjL>^»wmS» j5b*U 4 <jI Ju j^o ^ybjJi Lgjl 

^j-jbj-Li 4 flj^MLj .Oj-Li Alias' C^woO>“ Aj Jj j^JLu jl yS >AJ j^> ^Uc^ibjLi 

. Jj^jj Lo (jjw> jlS "^1 <xjl_>- L j-j» jl a 5"|Wjb ^IaojI jjL>- jl Ij ( j^>1>~ 

lT^ 2jrr' 

lt ^ 4 y 

jl^OwwO <JL- 1 -Jl 3 


4*4 L^iJjj J / La iZ++2 

J oOSbjob 4 jlj^o ^1 p j l5LuI^« ^cijjj-^^ 0 oLjjL J jj-wJj^j j ^^l5L 4 ^j**^0 ^JA> 

C^jJ Jj ^^Ij jl^*iuw« ^Jl_jl oL^-kiob oJLiLjob jL»jjLj j j_^ _« jjj 

i3j-* j (mA) oi^o j^ Ij ^uj b wJ ^i5L ,-LoL^o jlSbiOj* 

cr* 4 ^ oib-Ajl ^yJLI ol5LiJb jl 0 (J^jjjIS* LiLJl^j> jj Ij ^L-J 
(JL>j j^ Li*>-^j ^Ll ol^*«jb j e5w^j^L ^ljl4*jI jl j^ Ij ^^-^*5 jl .* 5 jS^ c-^Ljj 

j*5 j (< 1 J ,,, * , LjI jJ^fc^o ^yJLI ol5bijb jj ^yt*^A ^iSL . j j-oj Oj^I \ j j 

^j-j jOJ ^ ^ jT b N ^ j \ (jL jLo^I jl^p aj) ^ { j^ji j^ ^ilj olSbiJb 


^i]L>1 oLSLiJb JL«i jd ^L-*-! ^->*j«5 j JL- a^-jj aj jl .dj-^j 

JL- jl J|JLp j 4_£LjI£L> cSjjjJ!-^ oLj jLd ^Ij^l jt^ ^ J ^-L^" olSLip 
j j (j Lo ^o jl jIlojI ol ^ip aj jl \ *W^ L ^ *WA JL- jd L j ^ ^ ^ ^ L 

yja-z , j-‘ ■ * .$ £ (j-wjjJu Lu>-jij Lj 1 olSLiJta jd ^ SDP L ^ ^UjLwjL JjL>- 

oljLiUl j ^LLJL>J Aj’jU .-L-L^ (jj - U5L— j ,_y 7 ~ Lj - jL L 5^ p 

.JUL ^A (jLjISL* J-J J AJLw-^L-^I jSL-J J 4 A^-J-J ^U-L^v* LiJjlSJ* Aj^j jJ 

JljU*- CjjJ JU j -Up jLL-Ul jJ v-5LJl^> <^-^ 4 * jtoL—I j 4 ^ (jpUy 
JL- jd jlSL i -p ^JljI dl^JLtld jl Ij ^j-^L-J A->-jd { j**y i j&5 ,-L-lj^p (jlSLip i—£^lj 

jl u-iLjj J yA ^ip j ^jjjJLj* jLu jLd j u5Ljl^L oLjjLd jl Wt\o 

^--JUp* jLj jLo jl \ <U(j J \ \K\ (^UJL^ jJ> p-Jj^Aj Ij <_£j^d J ^LmJ (jji A^-jd 

jj ^aj>j^ cJLjd L AJu^L'jL JL>-I j* £*lj L^jL^ olSLuL 
^rl }ua>£ ^L^lSLijUjl jd ^Jl5^ ^^-Up oLj jLd jd -Lijl <jp>t* ^-^Lp oIj^p aj JL- 
j cJjj Ju j5Lp y\j alSuDb jd Ij ^jloL--l \ ^AV JL- jd .-Li jL" aj JjaJl* jyy* Jly^“ 
j^ap Lr p jlSd .-Li Ji^Lo o JL- jd jjJj-o Jljl>- LlUjj-U j -Up jIU— aI Aj 
4^j - Lo^SL—j 4Lo5Lw-j - jL - ^ 4 I 5 Lj^”l i-5LjISL> ^pjlS'l 4 15Lj^l ^5 LjISL» ( j^-Up j^->^l 
^pip cj j-mop jl .-LiL ^ ^ - Lj j 4^j>J ^Uu^LjISLj ^j^ol 4 jjdjjL j^*^P lt 4 ^! 

.j jS*c>-«u>- L-L ^j-mj jJ oL-Jj>o j^p jd \ j ^UoL^jL jd j c-sji*L Ij L-L 

oUjjLd jl Ij jj-j-U l3Lv5 * jbu-> ojjl>- aUj- jd 4djj Jj-Ut-4 Loj^Jl^al5L-jb j^ a5* ^j»15L> 
^ ^ jl J_J> J 4-J j^—« J^ ^jjLjjl jLijI \jlJi>v aJ'Ap • j C-sIjjJ i-5LjI5U 

,-L-L^p 



djl j~t IjiJ j 


J-' (i^ia^x^)) Oil ^ ° a_a.> J L ( j-Jjl <S X>y* 

LiLtLSlfl .J-iL^^o ^Og—» y>_£. Jj_L> ojiJJlA-j ( (j~0y> o«ii iJLi y>lk jl^ 

(_$kpl ^l^Ax-l— ^SjZJZ^ (Jj*k J j! ^Ia^j^X^O AOjj^J ^1 A /> 

^UJa^x-4 l5s-uL5^ |^LL» ^ilj j.> .Jj.1^ o'yiwj Ojl^> l5Lj15^ j oIjuU- 

4 aiw- (jUojLi t ^UjjA^axJ Aj ->JjJ ^j^P jLJ L-SCj AO 

<Sj)\S^i fj\j .J ^IaJIjOIj j AJ0*0>% j AOOm^I j5wj 

4J^L^ ^ ^a**^ 

^ o^L-— o jIj-j x Lj oloLx- Ij_5* Lj 5bo ^ ^. 1 • g ^ jjjj j x_, t j I ^ 

j^kj ^li 4ibJl5b* ^Jp l ajL j*^Lp ^ L ^Li J l5' 

L> -o^u (jUJaxo i_5Ljl5^o j*L) jj ^-Ug-* ^UxuiL <.JUbol 0 j^oJ* 

j ^Ua^xj jjl aJ-S" XjI^j C*ii> jJ ^*(J^JJ J <_5^ otSjbj 

(^Ij^l Aj Jjjj ^L-u^olj a 5*0—1 AJ—^*j k>t« ^^gi« jj J?L,l5^ jl ^JjlxJ 

.JutL)^ c^jul^o jl 

J <jkjx- O^yj y £-ILa^ j-<0—* (_^IaC^3jJLo 4j 5\J J Ojja jl 

a^o x> jj <jj I jj <5*o—I oijS"y^j lj t-SbJl5b* aj ^^5b ^1 Ojj jJ? Jj jl>- iSjj^Cj* 

<jIj^<j O—I oj-i oijj 40^ ^UJax« ^Sbjl5b* jj uiJbx^) ^L*j 1 jl ^jJuOo ^I^jUS'j-xI 
U>y c$!^ V^oi^ j* ^ 5 -^bj Aj Ja.Lj j ^L* Ojj^aj ^IzS" 

0 ^^a>-j l _ 5^‘^-- 4 (jLAjjij 1^5* <*15* o^lil*-l ^JJJ> Jui a 5* JLi ojL 

,A*ilj (jlj^P 4 4u^ol^0 

ijLxl d*^l o Xi Oj Ip j jlj Aj 4 -jU5* <jIj cJLol Jaix ^1Ijj <5* j jx-j L 

6b jx-ijb J a^xjl ^j-wa^ax^ 4^1^5* jljlSkjfc A-JlS* jl IjJ .0—1 0 ^yj yi}*! jl ^Lx <U>y 

^jlj^L— j ^ojLLj jj ojbl {J S<*^a f*ry* <{ b ^%-sjI Ol5o a5 *yyy 

. Jj Ljj^o 

^^Ip uLa jJijl/ y_y^> j L y}\ jy~« oli y?y Oj^>y lj U>^“ jj C—»-fi> 



4 jjL ___ 0 iV 

ui jyz- ^loJ>j*J 0(1)W j 'j;jjsL* jl a 5* Al-^jij ^ ojSLtjlj ojjfi 

c~o <u ^T aS^jIj jW l ^^}^\J J iS^Uj iSJ& 
aLw^ jU jl oi^ij oj lip olj^> ol^Liolj oljLijjl j uk -^ 9 o^j^" 

•^^cr 4 cy'^*^ 


b lT 1 ^ 

VV oUj3l 



uklju jU&i-i 


jl j*»-I JL. ji *S ^LS j»Uj jl jS—j l <5" o—U, 

b L?V.jb a *^k <yj *5<JL£ jl ., yi, jLI t-Ulo <, .jlL-l ^hS - 

dy c—^ cribiJ > ohS' a i,!j iJ ^pjja-l .oj,ai- t-Ubj _£ ^yjy 

tjUikkLSL L. ^LJ .jjj o'JU^xll^jli j ao,l ^LijlS' jl p>oJb ^Lil 


. J_J»L JluLo 4 _I*jj j.*j 

■O ^UJsux^. ^Jl5U y^jJJ J-^-U- i^yLi J^\y_j j>> m-» tfJJ 

jL bULS-^l^ JU jj pa, ^UJ jl .o-l aojl ^LijlS-^ j_,| JL, jl^b 

tijo JjL*^ j >-&■>> bfjl ti'j.u ^,>1 45" ^Ippjjb a, 0jJJ t o—I ,ao 4 -.. »j 

j, ^^Uj jlppiJb £jl jl ^jfpry J,U a—. j, ., yi^ tab ^Sj^J to—I Szj_y£ «l£ijb 


JU-b) U 


aj .OJjb ij jIS'aj^j L j Jt > jL ^ u ^^4, ----is- JJ - 

4oiL, Lit c-jj k>~. jpJlSl* ijjjLo j Jy+\ pj*L. I l_, jl^^olb 0jJJ t JJj 

.aaS^ £j_jOJ Ij jl (^Uojjjl5" j 

jl 45"ao—a c5jb - '4—— 4iijO-j (jL,4^Ui^ jl <oloJ p J, L jl j^jjb tolijl —JL 
f JJ J^jtJ ^ «-'-a 4iUI t-Jlk. .pJ^ Oj^, Jajl j j j J**-y? Lprlo— 

»a_- kL— okS^I ol 4, 45"^Ipp—b .o—l 4 b_/ Ojj-> jU y_\ 4 , b 

^jAsi (jp - ^ j!^I jl (ij*U y J6 aallji j 4oib Ij p*}| tikLb 5,1 a,L, joil 
l5wLS^ Lb Oji- aojL jlj^b t 4 oJI .aajl t (^.| j^^ 


.o—l »a-i j^aljj ;ja>w t lj>-l oiv, jij^,' l Uo I j, <5"o,^ J^j>- 
j^j, J^s j, jX*o>- o—jj-jj j oa>- J^ai j, J^>Li p, (j-Jjjj »a—& La^o. 

iLJ 4 , ^1—I oVjI« U -,^-1 j, jLa o^,L« j y:\ji <.p»o J-*i p to—ij .o—l jl 
ibjjl ji tij,a,lj-i; j tilL.bj^j; pp jj,'li j, jl_^, J^Li .o—l »a_i 4 ilil «,L 

J 40—O—'ill Op, O—^, (jijljj J j, 4$"^ .,jO,_y4 ^I—I o'ijlw ,Jjj Jjj L 

14 T : ... : r...VI J^Li o^>o .o—l oa^, p—o' Ij^. J^ai ji p Lol y ob J^y y Ij Oi^L— 
a isU^Ll. ^k- t^jjl g\y jl j^. l ^L^tip jj/«UI 





d J^JWM 


^J J_^0 j ^£ji Jj Jl_) j jJaLfl 4j .c.^1 OwLit o^l J L$'^- mj . 4_ '“° 

jj> .C~J oJwi. 4iLsiS (jtj^ Ij (^^ai -UjU ->Ij-* L> 

4_i (.c^ujI oJL^i oJjjt *■> l^ 25 *" I^Lmj j iS^ji cdo 1 §j 

ojU aj 1*44 ^jl^jl (JjL-j ^lSj^ 


^1yl jl o^1 t> cc^u* J o^^Lo *j ojLii oj-^ J 'j^ <Si^S j\ jSLiu 

jl aS* pJb^ pM .^jj Xi* Cr^ 5 OO^. l 

^j£j-^ jj-u*ijj_> j! jjJp A-J j c l ^LJ jIj IjJ j 0^-U3lj>- Xju> jL-*j 

,j*-jUJ ^jIj^ojL-— j jXSJ oL-iul £-j 4J-& ol^iaj jJs>U“ 4J t jjjj ol£*£jta Jj 

oISju j j j oL^I JuL« oUvmJ» jJ 4 j olSwJb jj jjjj ^ JtJjW j j-—- 9 j ^ jl 

^UJj j_*iJ jl <.ojI§J jj .^S^a ^ytajJi ^Iaj^^-NI j 

^. 11-^j^^a ^jlj^L-L^ j)L*jL aojI^jI>- 

J C.^1 C-> j*+*a >— *S>-yA C -^ ujI jam ,J J jJj iS J (_/*' S ^ u jl ^ <—jIiS* ^1 

. J J 0-Ujl j^>- A>-JJ J jj jl 


crt^E^ 


h .f.i 




y yip 4 j j £®l>- y>j^o l a5” ( _ 5 JL^pI cykS' j*y ytulyj 

(jl >-j.j j-^pL_>- C~xl oJj^j- 5* y J J—) y^Jyo ia-*xy A_Z>-by AJLujyj ^1_A.1 ljp**o 

j J" 1 oLS^job oijLijjl ia^xy L5 l*ai c-jUS" Jjl yj ly j a^j>- y .juily 

J c>J oiJ*^ 4 -^r- jl ^-U^a J/ib aj .cJ jS'jly yxxjJu j jly*uZJb jL^-l y 

(jl <-**>-J> ^ tC**xl o-Lii ^^Lupl ^bff t-jl>- Ju JL>J Aj y>*Lo a 5* jl y l^>- Jlii 

OjU: ^Slj y j Jjl J^\jij ^>o- yly Ly; jj yjJyj y oJui AiUal y*j>- .^j Jui 

.CxaxI Jj Jj>- yJ lyj y (_£y*^ Cjlpytf>y> Aj yl>-by j yJlia^ (Jli y yyP y jl 
J^ly>o JJ-H> ^L>-l yxLjijlS"jly^uUb (jly j*y Jsj Jyl y yxy <ybS*y I J^lS* 

iy*bxl yjLp y-JjJJ L ~U^>-jt jbll*xl aS” jLiJ Aj y>u J 3 jj 

t -* ,, J^- P *S *-^jL*x j*^ly jly>«-£jb .ij>- -L*xy> AjJllxo A^»bl ^1y |j tjs^o y LjJfelj 
j ol^k) y^L* (jly ^JjJ JjU ^y <Jb tyllS' yl cyy ^lly jiy Ijb y o j'Ap 

..Lx l Jj'lyJyj yj2xaptl« 

yly» j y^L>- ya^a>J Aj :>j.L*j> y-Ly« U« oy^i* j AJw*b aS* UJ j! 

^UJax^ lSL^ISL* ji -LljlS'j Jx^P LP Jyj jl C JJjb L^lyxil <>-J l_A4_Lyj aJS* y ^yX-U^J) 
(yj^ v “^i (jly-*J ^ly^5sj O^* > /3 , > J 6jJ^ jJi a 5* JjLoJyJ (JI y ^15"' laJLwj J AJLujyo 

uij_A L l5 1mpI <yt>- yijlyj A-^J>-y y Lxl yiy .IjJ, o^b Cw>Jbl (jljU AjL 

.cuaxI AjijS'jIji y^-U^.* j jLy>tjj!^ jLi^I jj jyi5*l j Jui JLj^ Ojjy 
0 ^J^" ^ Oj^ly» jyj-U jl y>-y Alyjj yI jj Jy>-j li AJlJI 

0^Lil*xl CaaxI jtJuxx* A>tjl Ul cJjloJyoJ L-Jliajj J yxj^ 

yijy)! (jlA^j^JySj J Ia^Jj L jJa^. j Ajy>J IaJLx j o.iy) ^yL^. yl^r 

^yi o^liLxl yjjjj Jj ^U.1 yjbS* jl aS* c^xl jl JloJul ylyL) .Juiby yy & y» jL^j tC^xl 

JpL>J A_j b»l .XJl^O^lp CaaxI ^lAx>J>-y yfc jl y^<»L>- jL-xJ aS* ^^JUal yX^> Aj jlj y>tJL3b J 
^yi y*iwO jUI A*J0x« C^p yx CUaxI pV C jLy^jjb y?L^ J j cJJ jJyj? 

(Jj^U jlj AJ yip ^jjb jl .^jb ypyxa^ y I y y^, yij A^oJ>-y j a5* 



j j 


/°3 J J 


fcifii- 


v_J^3 j3 Jj-JL 4 j j J-jiL^o j-A j3 o-Uap jl^jJ J C*^ C^Ld jt- 1 

4j ^^SLjj 4j j^s>U>- c-jllS '^>-y J{ 0j^p 3pLJjI ddJ .•ijS"-l»*lj>’ <-£-<£ 

j3 ^JUa^» A^>-y J Jjl J^jLJ J*> t^j^" C?-> 

L t^jlAii£jiSo jj.jp oLj^-iJb jl U L5 > t L^ J iaj L olj^ !j j cJb ^dW* f cr^-J-J 

jl { J^j Li*j jkU^- 1 ••*-*'-' ^ijiJ jl ^U- ^v 7 ui' 

^jIj5L-L^ 3j-oj JCJ&I y>- 1J ^>-'^u«s>i C*>ljJaj a 5* jljl^-Jlj Jjl j (jlj^j i^--*->“L^» ^oLoj 

^ ^jLS' jl 03 jS *LUU j UJj (1)j^> j3 o-ul J^aj Jfk> .^U 

oljlS^U-A jl jJ ojL j^j I jl a5*o-J ^Ijjy j c^j lJ j*& ^jli^ j o3^> jlj-i-s 

jl «l JH.I J^ (I)l3j-JL« jl .33^^>» ^yl^J-^ Olj-^J ol^**-jl3 OljLl^l j3 O-oiJ3^ji<jl3 J 

jl j ^Jjlj Ij ^LoJ OjI$J O-ujI jl JjUujLuPJ (1)UI 41mS»j^- J a5" ^jZjj?- ^UojI^jU- <d^>- 

, ^uLfcl j^ (,,)Lm*jI^j ^Sm*j L*jj ^^ujI^Ij ^.*.1 p »L)^I«x^ 

cuI^j^ c~«Jl>- ^jj! jJ y oI5ck-s> Lp" J o:> b' ^J-'d ^ pdj^ drd*d 

ol^LwJ J3 ^-djljJu<.l j <Lib (J^ *d lT*^ j' ^ ^(jr^ d-*- 5 ^ '^ a ?jp 

.4UULid)l tJc^l J jJU Lr «lp j^jJ 


^rAa eUjSi 

^U-Ij arastgo@ut.ac.ir 

ulfjfc ^Jl^>JU^» mhJieyhat@yahoo.com 
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(^Ia^Aa^P jjlJJ — *\ — Y* 

oLj j c j^7 oLo ^ o - y* 

. <jir’TJ t ^*-^- A ji U~~> ^ “ T 

.^JjLwO 


I I ^ . kZ>Sj 1+JL+*# —T 

^ ^ .o5^>- j 4 olj3 ^ - T 

^ .^Uj^UoU^T-T 

^ . 

^ ... ol-^ Y — T 

\T' ..^U j^JLo a - Y 

^ Y*Y . 4 j«bvfl ^Iajj-m-jIj ^UbOb j! jS*f' — Y 

^ Y \ .... i^L waj aj Jjaj V — T 

^r.A - Y 

^ .jj^-jb 4 jj—*jIj *\ — Y 

^ Y . 4 4 c^pj-jj jL j! £ \ o — f 

..4Uo>L< 4 ^l* J^JL* \ ^ - Y 

WT .JfL*. 

. jjjjLjjc*>yjU .a jjj+jtjS-d 

\ ^ . 4 4 JjIjJ ^jI ji \ — & 

^v. ^ u> ’ j c <s^ oUijl« y - a 

y * % .. c aJ^Lw 4 j-voi y' - a 

Y % Y .C^5"j>* oM^ijco 4 j*J-u?l Y - a 

y*a .^LA c/iki** 4 ^jj^- ^ ^Ujj^jb a - a 

Y ^ Y .(l$^j!3 '^-£j> m oj^-bi) c*S j>- ojljjl jL»^o ^J-^l 9 — a 

y ^ y* .csj^ aJjI*^ 4 L $jjji ^Uj j-upi v - a 

^ v .fU jj - ^ jtS^ j ^j ijsji a - a 

Y Y ^ .J O^jtd aJu^j Aj iwS^JLwu^li jl J^o IaOj 4j JL>v« S — a 






























Cm0*Jlho 


YYP . \ ° ~ to 

YY'A . £y jul^Ju UxJj <j ^L.1 y> oi*i JL^l (jUojijA^ \ \ ~ 6 

YY ^ .^ T — & 

TT6 .lP 

.. 

T 66 .^/ <jjy' ‘ ^y jy 15 ‘ \ - ? 

Yf . .uS^U-VI <^Uc*jIj t J^y T - 9 

\<f<f ...j jJi ,j!jj ufy> jyli t OjLij X — 9 

YVY .jL*T 115 j y**'^ j il f — 9 

YY(^ .^I<L>*A-U? Aj^y^S^i 1 & — 9 

ya . 4 ~~y-^ , yy ? - ? 

YAY . i£j>) tr^ V ~ ^ 

Y^f .. A _ ^ 

Y* * y..^JI*j ***** ^ — 9 

m.cP 1 — 


ciC-ST^UojLi-v 


tYV .y J ^s-Ay - ' (^UojLi t a. y . ^> - \ - V 

YT> .(j-5 - yJ - jijk c/bl-il*^ i =-iy~->- opy Y - V 

Y'Y'Y .. . V - V 

Y’yt .opy ‘ yy oPy ‘ y^P <jpy 'f _ v 

tta .y.y 5- v* 5 ‘ (^y^. 4JjLm 6 - v 

Y'Y • .cPL~~* 

yfx .<Uj-~y*>y/ — A 

fYt..tSy-'il S. ; ..,.,... : .^l > “ A 

Y'OY.i^yy «y - “y*^ <i!y. <jjy ^ - A 

V6V .^y lSIy 1 ? - a 
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■ J ji^p^V <-& (ilx J*- T - A 


JjL^> 


rvr 

rvr 

m 

m 

TA * 

rAv 

m 

r^? 


. ijSLsj-i 

.4-*jJLo \ — 

(Jt"°!Ai' 5 J^U 1 j ^U oYil*-* Y - ^ 

.lA 3 * 5 ^ c5^lU* itf-Uj ^ r - <\ 

.cs^jb J lAt*' ^ ^ 

.l^jL * 7 c5^ Jlj&i J**l 0 - <\ 

.iaix^o C^o^ILo tJaki^o J jX* cl5LJj^»jLa ? - <\ 

.Jj.LL; Ju^l t^Jjo ^ JjL^> v - ^ 
















^ La J a y c* 1 — I 

lj jj*j c^>J oU JSLiJ £r-*j oly* 

c t JCjU 4i">u Jj y> ^{jtA^Aj <^\y\ cyy^ '-Vj* 3 •*>jS Jj* ^J 3 ^ 

<0 j|y j^L iUJ jl U<yj yj .JcS^y a^L^I !j UojLi l^LjISU j t y-L^> y~>- ^-y^y 
(jl j_j ^jlj jl—> ^ i—.**xIiij> j^aj y**>* .-Ljta y?y y* L 0 J-I 1 Jl^pi 

J y y*~A jl) 6*Li Uj L alyA j J^'j^r^ 

Jp L Jy <yiby. jl y, <ySk J£*iJ <■ Jy ^J>. (iU Jy >' ->* 

JSLij^Ju ^yiy* JL^I jjJ ySj j jb oMU- yj j! ujUi* <ijLaj ojU 

4j JCwoO^ t Ujllij yj ji*l>t> .J-iL So?d\jy 4>- o^jlj jl o-*-J f-g-* j yb^y 4^ijl 

♦py~A Jyiy* JUpl jjJ ySj c jly jwL 

oJL>- y> c5L ^L* t^iS* jy c^i AjijS* jly jjJ c^>J <5* L ^.^.^>- c*j- b jSl 

tUoyj j-j jl lt - ^- 4 y c 3' b 

<c-^yuL) ^j_jj-J oj>L* tyUL* <jjJ y -ij> ^yl y- oAaLLo Ij Uojj^JI j b><jjyy 

j j Lol .CU**I AI-jjyu ia-^^ u5sj ^Slj *5" tJ jb ^ iS 3 ^. *** C^L^aJ 

( y>Jau- (o^U a^j^->^) ^j>- (3jj LbjjJ j yjlS' tuiLjlSU JjL-^ ^_JpI 

^jj* c53y ^ J y.J^ l r*i ^^cX 4 (-^Lr^ olji jl y^jy jW^. 

-ptj^L?* j*-> J* 5 b ^*>-ly^i f^r y *Jj (£Jy> ^ ^ *j$^* yj* b p* ^ [r ^ 0,5 3' 

lj tC—»l ((jJ)) lj ((oj-i JU-il)) (_$UaJ ^l5’A5 , L y^>- y>- 

Jju yj y-i-1^ jiaj y L .c-l oJ-i ^jy ^L^j ^*y^y <y*y o*y*> 

j l5ot4-j j^aj o-^l yL^» y ^ |*y^y° ^'• 5 ' c <u - >j y 

iai—>• lj jjLo ^-u>> yLyJ ^1 y- aJS* UoJuUiL jl u5Li y (*t ^ » y^^j^ 

jl aia j *i ^_jb <lj c^pIj yl-y ^I.ac^a-^5" j^L m A jy li U tol jj 

a 5* yl-Lj» tol y oj*!Ap c ^ « ^ > o-^y JU-i»l *£ yL^as jl (jl^y-L 

i»L>j ji jllj! yy ij^iy ( j^s^a ij 41 **yj yyuy** l yyisu y^iy- 


r 


C— (_)! A 4j CiJj^ajo jLo (,jLaj J jl ^^juIjj C-^jj-^^ 4j L) j 

. 4L«m^j JJjlj 4 j jiaj 45* ^ly ^jJ I 

t c,w^>J .d—jl x Jl* J-J^ 4> <j!I ji Ja*^o J Ju» 

C|*Jj*5^-*a jlu j<i b flj«*P 3 Cjp^ l) - w4 J J ia i 45 jLjuI ^jjjLJL* 

41—u^*j la^x^o ^j^jL« ^jIjjLj t O —*l IAj*JI aJl^U Ij 4-«j liL* jJ ojljul^j <1 )IjI 4j^uL« jL*jI 

^Ij-* (j^lj^ j! Lo t ^j——.d«.«.»i jLojlp! ^JjIS ^JL>- bu 45 aiS^a o^LjI 

i^>.M<.) ^UjI L ^_^j jl ^a15—«j Lojl <ji*>Ip^J?I ^j^jI^jI—Jjj <wJLp! 45* ^ * ** • ^ * ^ •* 

. ^ i, ■ ■iv5‘ jLu L ^ ^ ^>ji 

41—^ La lit ?t< lXjIC fl ^ — j 

Ij J a^>K»4 4—*^j3 ^j^l—Jjj o-L*I» (J*b# ^5—>l5*o jl—5j «? ^5 —jL^—1>*j 

^1_A Ja*>i^o (—5—)l^«a ^jJ jl—P ^^i»*«^l j^-*»b J.3 .j*»—aij^^a 4—*a^*j ^Ia■ ia.*->^ 5 »j l5^o 

i_$ljj 45c—J ^jj^i-Jj jjjjl d*—Jj ^jj -l5Ij t^jl .-u 5^« ij 4i** j-> 

(^Uj -UjLo l5j ^lf>- £^ly y. C/bbUj> ^jjl j*I*» 4L*u j-j (jU ja i >v« 4—15 

oZ/jixo 4*^jj <jjj 4>-j; jj -* "«“ » jl^-i c*5j>- ojljj! J-^>l j ^j^l J-*>l j 

(jl^l 45 V—I* «*»l 0 A—u S*£^A jLo Ij oJLki (_JloJul 45" L< f 

^j^jlS* 1 ?Uj ^1. ^(^p) oXm^u>- ojLi j c5Li-jjVI %15 

Aiji Ij L^ojUi ^Jl5U j 4^*-^^! j^SLuj j c, 4x^-u-j-wj^\j t 4i : s^^i^ s il jj ol*JUa^« ^1 jj 

O^*^ 0 l3j^ °-^ ojLil 4 Lmjj^j ^LA>Ja^>t^ ^5Ljl5U ^o'y^ljc« Jbi>J ji 

J-£^ C 5o .-UjIj 4*a*/^J ^SsJ J5nJ (J j!-*^» LmjLjjI j lj>t^ ^Ju^*U (J Ijj J J 4J C^y»l 

t Jj C.w< Jj fi^Lo jt-w*> L^J 4lSj jl 45<Jl w tl ^Jlj^jl Ij Jjlix« 

4> Jj-^>i j^J jl5j! J-^U- 4> 45d*-^l ^Iju^ L ^L^ljjj^ J5Li ^j5j j 

a 5 c.».«.*>! j! jJj Ci*»-1j iwAc-l ,AAiL^« jLw<j) 

d 1 la -o 4jJj (_)ijLw4 L~J ^[^Ijco 

jiaJ Jj j»l —^ (Jjj Ij jSo J Jj t ^lj» Wy y oj'Ap 

{ ys\^ ( _y*j tJj^j»L 45^-Js5^> j»y11 Jjl ,^5^« JL^pI c_jL 5 ^I jj 4iij5 

j**—* b l£^j—* J --^-^Lj 4i_*i ib j^a j»l<j j^ 

.JJ^iL Lr ^> C^-J>- J-A Jj oLm^j L ^i { y>\J*- cib^ <-^i J«i ^ybc JjjLL*yto 





r 


(£ Ub l ) (J-^9 


l^J 4^J-O iu^ 4_^J>y .Jui JlaIj^- 0jLil LfcjlJ j ^iaj JaA3 

j { J^~^ .JuiU #Lr ^ £^-=^ o'-^ (ol-^) c/ibU-« i»J c—A_> ^ ^ 

^Uajl^j <£jy JjLwo 4j jiL ^jlj ^L-l ^ !-*■*■* 

L) oij^-A jlJLwa l5 L^pI JJjl^ A^j^o ^Uia-^ Aj jJi» jJ A-ioj *5* ^3 

.j jS^j-fi Ojj-u? oLiJ^jU—« Ja*jj-^ cSjj- 4 ^-iLr^ j l5^^ > CjNjU^ 

,_* .^ . <Sj j XJL *+J* LflsAJL-Jjj £)-jl JJJ$** A <*£****$& J ^ as ^‘ A^M*-jlA*<^i 

r c~J«Jui^l JiJ^ Juw<ai Jj A^i^UJa^x-4 c5L3l5U f yJL* y jl 







is (Aj Lf 6 fc>J* (. UsJLfi I - X 

4S-++>j j! j-3 OXZ ^>x»<ijb Ai' C**-U ^^ojj £j*J^I <X*ij jbj j*Sbb 

j«i . (sbj y + *.' * L—Z jlL*>- j yf*r c <Xuyj (_^U la*.~>^ jLj .Jjb^o y 

^^jy3 Ajijl ^IjJ a5" ^-s^Lj (_$Ud .» - >- feLa i-^j^jj |*1 j 

(j£ <S" Ujj^ujIj jl JIaZE Im* ,^ySj^y> oJjj jl£j 4Z+*yj (_£bh 

.J-i JLo (_$J^j L ^U4j> t i^j Lgj! u_4j jj*j a 5* jj<ojj jlSo L^bS"^I jj 

jl Aj Al^^j ^U Ja*>w« ^jJ Ajjjsu Ajujj^J (^ijJ AJLSj jl^j {£jyu*j\j U* 


J- 5 j-* jl .XyZ^y <lJ>y ^ G& ’Cz j Q^jUj l jJ LoJU ^jIJl^jLoj JJ 

j^jj - 4 c/ibU_« ^I^l-J L JJUj ^1 jlS' a 5 cjI aj ai**j jljj^ ^jIA&Lj 

.C~ib Aj>-jJ ^jIASjUj jl J^Lj jl >>U«J I Aj -bL Ul o^Ui-jjI JlAL^jj yZL*s ^\j 

J L$^C.^- o -5' jl ^lAli^jU* JjLi £jU tJlal^o (jlflj! yojLA <5^jjiajL>jb 

<_$*y L 1$J| jl <-Sb yfc t Ajll^t^ijai- J cJj jb J>Ljl$U jj jjjLSj 

d*«M<l cz*j(j&- 4 j> j j ^ ^J(Q> -UjU ^j.Uci* *.- <> . S ' (JU» .JJ y* jUi Iaj^-ujjIj jl 

jl ^jjl .jjj^ uLj jIjJU L (jLijIjiLo ajIjI L ^L^IS" 

A-j fj'i .Sy^^A jL»a <L*Jj4 jy*+!*(z jljl Aj a5* X)ySi^y* oLj (jb J JLC l> ^sAL j i?l>J 

oL>l j_a> U uUj ij c^xij^o jl y ^jlj Ul tJHwuJ c-jLj Ujjlp a 5 " c—-I J^b 

oUj ol j-> a__ 5" jjb ^Uj->*l j a-j i£j jJ^ jIjlU 

Ajlj! Y ° CAL^A ^ b O-wjI ^j^s^JLa C^yt 3 yA <-Sb Ojlj>- Aj>-j J ^uj .J 


AJ. ^ jk,(} y a Ji« jj-i Ajui^j ^5* o jj^jpaj a 5 "^ybjj^ uijoJic-li jl ys* 
.xz* j.aI^>- o^jj jlsb ^^Uj j ^sA>-Li ^jIASAUj ^y ji j& UjJlp (_$Ijj ^Uj jl ys> 

0 o}>JXa iais Aj a 5* ^jb cibJtSU Jj CX^j Jl* oi^ 

.C—il jlJ If*I A^ja> xZXa jjjS* J^iS' (jljj jbl C*4>- jjjS' ^-o»J aSAu jlAjl-lU jijS* 

j>^. <S^y** j* 5 4 -^j t-£j jj ^jlj T ° lSj^A t^yjljijl ^L>- Jbu jl 'yju 

.C-—il ^ybl CUf>- Aiauu* i_5b ^jlj X ° N ^jyj iSj jl OjUl^o ^lAia>-jU 




Lib Jd^ckq c S L j> (So 


^Ltb as Juj-J»^« 03 b oLiJ Ltbjfjj* ia-^jJ jbo.^ ^^1 Cj^^z l$L>^ 

^Ijb aS* iS’JJ 1 • »LJk3 (jLwjj (jl^-*d b jj lAjb^j jiaj j! o-L^olj ^ 

^ Jsu*jJ £f^ ^ ^ c (^-^0 LJ~a 3j-° t (ojijJl) J 

Iftjb^j lajJ LI tJLi*»wJ jb^> bLJ&L j3 IaL L ^^S* i^j+oju 03 b ^jIjLj l)1£-j 

tjljLL^ol t ojljjl A*«bl j3 .\S^>-j£ (^Ujljj^ JtL ^1 j> t 

(l$jl (Jj j) Ljb^j ^->- a5* LuJ jiy> ^ Jj ij, jIJL j (wjL jUj j»jii**w« jbijj l^j J-«15"iwij^*j 

Aj ^Jjl I JL* jl a5* C—jI ^ylSL) C jb Ji J3 £*J>- jlf^ aS* ^j^iaj 3j-i^J> 1^>-I dJlL j ^jii jj-l? 

. JlLiL oJwuj Aj Aj j^SlL o ^L(jl^£d aS"^ ji3^ ^y*«^3 (J^L^Jjl 

1 ** a -^1 *LjL 4 i ^lcil . a\.*.«.j.4,i.fe ^ * /3 ^' ^ 1 ./?<o i^i<.ti*i3 ^A jl ^J l , <? ..■» . < n <*.4 LjbjJ aS* wLj^^A 

Aj jb^j d*«^1 ^j'il <w-^J j ^ c3^Jj <w(1 dj AJ Lai>t4 (_£IaaU^4 u**>^ jb^j 

a_> j+a&C* A_S* 0 L 3 ^>- Co Jj-bnj Jb3 jl .3j-i 03 b ^l>-jl ^JsZjla Ap- jj*j»t4 

^jja^*-.,^ ^I^J L*ja^>t^o Aj Ij CV—*«*»' j*Jb ii<iIj 

.3j 5* jb ijj ^IaaxI <J3j5* 

u£wj‘L£* j 3 O-ot-N^j (^Ijl^ ^ItbC^S jl (jlA-li^^Lfl JjLJ j1Jl*_J 

oLj! <jLu bfejb^j jl jjNb A»*J^jpIjj ^Iac^aLo Aj jLj aS* ^U>ia*>wo 

(jLw« j3 JLi JLaI jj>- Aia>- , !)b» Ijbu a5* Ajj^jL^ .Ju 'jS < s _f A j|^ Iaj jj-Jlj a la*^ jJ a5* 

^yP L>- ^IAjJ-m-j1j (^Ltb j^mS»(z j (J Z *m J %* * * -• ^ ^->1 

A-j j f J - ’" A^J^4 ^Iaj^aaJIj .X-*I»b J o3j (_^ljb aS JlLwJb d^j^c 

A^JJ^ujlj ^yj!jl^i Aj (jbiojj>*J I 4 I tJCJLww-J (Jj4A«j^P AJLwu^o (^t«3 ia-j>t4 L^Ljl^La J- 3 
A_*Jj_^4 j jial-4 ob-5* ^1 jd j^m-jIj C>jJ jl Jjli ojLLLwJ jj jl .C^-u<**J 

^^3 A_«J^4 aS'Ij J ^jawJ 0 >Ly^ ( j ^ a> V4^ 4 ^ lftjj*wjl) t bwwj l b Ifl fl3 . >Lj Ij 

J ij („)l ^jA!>“ Lurf (jb»4 L^J C^t—*-A3^y4 (_)Lm*J 0 Lw yJ Qlj ^A) Ic-S^)j^ -3,^^ b «A^-<-t*lj ^y 4 j»jJ 

.0-1 T 

olS*^A Lft^b JLuL« L 4 I cAaILmaA Jl 0 3 ^A jl ^JlAZ,*<uu4 La^I^JCjL« Laj^*-uj1j 

AS* Aj (jl (jdld ^l>-jl Aj o>i*!La ^ijlAAxl^o Ij Ij jj*mj\j 

JUljl L yp\j->- i_l_dJb»wo A-j^4 jl ^Iajj-wJIj ^j-^33 iwdJjl*j .J-JjIj^j* ( w — 1^4 J* 

.JLi JLaI^jL AjIjI ^jU CJ>bjai>fc4 (^Laj^>v« a«pj^j^o obtj Laaa)^4 




Y 


cz*LmoLj i r 


jhj!jS - j^oLJ (jjlJfiUJ^ 


JfJY - Y 


(jLJap^o <JL15L £.Uj aS C~J ^pbuai cib opjjJ iS^. *** <^ij^ C $bL* 

j iC~J ^Julil (JAxj (jUai Aj jj^jLo Lai £jl t^pibj -tbd jl .-Ll^ (jLl 
Lb laii jJLp l£j 0^>* .ib C.-*-*.uJ |*jU oLali^> ^Ljpij* ol£l«o Aj (jlp ^p ij <j! A_^X^> 
L«l t cL»b Jl_aIj_^- Ij jIjlLo jLfi> oLai^» ^Lj^pt.^ o&Loo p jj ojb jjii* AiJp 
jLUhlj_>- Iaj^>wo a^- j-<pfc4 p ^1 jj OjLu^lAjiJp jpL> cU> jj-wjI: j Ljbjj ^lAA^Jp 

. d.» »rib 


olSL-uo ^^oj^-d ^La-s jj t^lA_iJj_** j-> Ljj-^jL j l—Ajbp oL 

Uj_pw. |^_)l (jlj-j j 1 *-^’ ( _ r * J?j*-° Ox^x r ,_y ' - l~. * oLaii^> 

^Ujb^ < o3l \ - Y J£i j,lk. Ij e,, e T , ev ■Oll’.u- 4& <^UjI.>jj 

jJbp ^kl>*j . JuloJLi AlLp Lfil (Jjj " C^w«t>L j Lj p oL jLj Ojj-^Aj pllS*(jjl j-> ASb 
Igjl 0p* t<l)l j^ JUp t-bAJ^p Ij Jlolxlo (5 Lao Igjl lip <jjJ 

v jb ji ( -^i bp ^1 p-u->-jj .HolJ^p Jkp 3* J3^ b bp t Jllwjfc aSsj (^Ljbjj 

,J>jL^p Ajljl jJj Oj J-*S>Aj ^Ia^J^p ^1^*1) 

r 

V = v,e, + v T e T + ^ v,e ; . 0 - Y- Y) 

i=\ 

tjjpboJ ^J>y (^1jJ . ulo JL O^b obiJ U L T J* 5 ol p Lal>u* ^i-AA-iJp j jbp ^1 

Sf 

L jbjj ojljul a5' l 5 JU-j^ tJJ ajI j! oLp Oj^paj j jj>* b Ljbjj 

.c-mj! v ojljul v ^i*j .j pi^p oL ^5" j jj^pijj Ojj-^>aj Ljp oLa 
^P j4U0 JLL^p jtjjtjS Aj j^f*L» a 5" ^j^J-U Cu-J J-L« jl ud 1 

(jLojI Ij aIuxj-j-j ^Liap«_j» LL15L o'y^L* ^jUjp ^lA.ia^'^L JjU jj-L j-o-U ^I 

aJl^>- t^j J^ 4-rfJ JJ3 j J ULf-i CLipjJj olSp a 5* ^^p ^1JJ t A^'>L- jL Aj .JjL^p 

^jn L aJL>L>- o^L>- j e-US’jL^-l j^L Ij \ ; T ; V ji-^La m^pj^j <jd! j^Lfe 

o^L aj Ij \ — T — T A_bL* o^Li*/! b Jli* (S^J. 

jS - ^_S-L>- Ij 2 £-*-?■ ^«15" j jj j 


v = v,e,- 


(Y - Y - T) 






(jb J^XaXXo C Slw & 


A 



Cft^XyXy ^i-Jkl. -* (<_dJI) 1 - f j(£*5 


V jt^jj (<—>) 


c J-> UaJj^o ^I^j C~i jjjij Aj jU Jais t pjli ^Ujj^Jb ^I^J 

o j^S 7 (jA£>Lt lj objj jl^t c-iyVL j c—iyjjj ^ 

<- XjloJ-j( o-i 'jJ jlS^J jj>- *■>■ ^ C.w^ J ^4 Ui <.JCw«lj^4 

^t-br* lAh. A A ^ c b. J* 5 ^ Vjtj b jj* o^Ui^i 

0^*-* ^b\5 c*a>- ^5o jl Ji^j olj ^1 ^ oLiJ (i^jj 4 j <5*4jj^JUjb Ui oj^ yblt 
c ~-^ ^y j?j>Lt aJA>- c~**l 

.JJj-L> b ^-U- «wJ \jJ> j aSLi ^Ujb \ji j( 


b jtj '^jj *'^b(_r 4 ^y.y* ^^ jjju ) — r_r (J&o 

.j-usij <a*hjj ^_^>- ^bjiy (jA 

M 1 ) upfWfi (v) Tiffij (y) 7 > ; ey 




1 


< 'Sny° (z>i±*oLj .■ r 


j <_Sx> J 1 lSJj (j?M ('-*M) 
uy-Wjhj = («,v, + « T v T + « r v r ) fw,e, + w Y e, + H-ytyj 


TV 7 ,*; = + T V v ^j + T r M' 

= (Ty\Vy + r T ,v r + r n v r J e, + (T u v, + 7> r + r rT v r ) e r + 

(T\r v \ +T n v r + TyyVyjer 

TiPfi = (T n + 7 n + (V,e> + v T e T + tyej 

Jj-ji 4 _>-(u) j (l-A 1 I) 4 jLiJ 4 j 

JuLo l_aj jJU JJj>- Ij ^joUj jl 0^1 aI-uj! 6 <* 3j* i—JUa-o jl L> 

J jl^jJ jl 

* (jbjfjj* £0J>_ ) 

W = u + v Wfii = (Ui + vj e,- (r - Y - Y) 


jjlc ciL j/j ^ cSL f <lsJ l J 

Av = Av^e, (T - Y - Y) 

^ J Jl£ C-r J+O £ O J 

u . y = v . u = wv cos 0 (6 - Y - Y) 

t- ^ ^ 

oJLi jJ 1 JLw* jl ^yl3 J 4 j jlj j£ 0 (jl J«i A5* 

. JlLJiIj 


jS (5tJj 


e * • e ; 


e z * (i = N , x , T) y^\y ifil - X - X j\ 

\ j j\jJu = i iAP j\jJu 
o j iAP j\jJu ^ Z iOkfi. j\jJu 



j iJkfi. j\juL» = i j\jJu jT\ 

j j\jJu ^ i iA£- j\juCU 









n 




e z - x e ; - = €; jk e k (i, j , k = \ , X , V ^-'U'O 

£ijk <-^*y 3* Os-» ^\=^W ^ * 3 ** ^S3J ur 5 ^ 

\^\jJ ‘•^3^ > ^S f> 


£ ijk “ £ kji ~~ £ kij £ ikj 

li-vy yw»£|)'fc t v£j\£s ^VfeOiyyJ) ^\y j) -H> 
f nr = £ t\t = £ \nr = = ° 


,CU-iOjJu lj (j^i V T* 

U X V = Ufii X VyCy = UjVjfe X fey) = tijlMPjK (\ ° * Y - Y) 


* £ ^ ( <JuJU> O^*o J dj(S 4 *w J JlC O £ O y 
U.VXW = UXV.W = [ U , V , W ] 


[ U, V, w ] = W,e z -. fv y e y X = w#. e jkq VjW k $ q 

= = ^/VylV* (\ \ - Y “ Y) 

•J-i ^1 ^p- j<5y <j-*Lp"3' cij 5 ^ J- 5 ^ 


l &j!$ <jl* o^*0 £ ci*y 

U X fv X wj = W# X (VyCy X W^J = M# X (s jkq VjW k e q ) 

= ^iqm^jh^yj^k^m ^miq^jh^ P^k^m (\Y~Y~ Y) 

£ mmm . (3 ^£3 (mw 

j&i\jS ^-~m>-j-> V) N X - X - X ji £ m i q Ejkq C^SoW 

.iyjj ^ ^$3^ Ojp^ 

**«*& = *** **-*«*&« 

^ ^ i oV^ 3 \*^3*j* j\ Jj\ OVo\ ^Jalw> ia-*j y ^ 

Eijk jMfS ^3^ jN 

^ == f ^/ 7 c = £ ^/ 7 c — € jkq 

^ \T - ^ - X j\ ^ 



( Am C/b b ^ £* ,0 (So 


£jkq £mkq Y d m j 


£ jkq tjlcq = 9 


•- b J L r‘ , > 5 jij ' Y - X - X -JjLm 6^1 j-j 

u x (V X w) = (d mj d jk - d mk dij) u,vjw k e m 

= (u,v m Wi - UjViWj e m = UjWjv m £ m - uyp m e m (AT — T — Y) 
J- 3 iij'—J •‘-S’ ij-i j*^ jjJ jSLi 4 j c~J 


uxfyxwj = fn.wjv-fu.vjw 

uv = UfrVjtj = u.Vjtfij (\ 6 - X - X) 

• J - 4 - 5 i_r* * i£Jj £^=r IJs»l j o-Li ojb J 5 LS jj <S” 

upfipj = U\Vfrij + UyVje^j + UyVfrij 

j iiJj 0 


uyfrej = «,v,e,e, + u,v T e,e T + u^e,^ 

+ « T v,e T e, + « y v T e T e T + M r v r e v tv 
+ Ur v i* r ®i + u r v Y*r®r + t^r^tr (\f - X - X) 

0 UV jL J AJ. Ij <j ^«jv4 ^1 


U ® V = u,e,- ® Vfi = <g> e,- 


(W- X - X) 


•Xmma ciL jLj 1 


u,v, + u,v T + ... + V W (\A-X-X) 

jLj h ^6 bOj^o ( f: ] 

\. u (vw) = u,e,. (vjejW^k) = u,ViW k e k (A - X - Y) 

X. (uv) . w = (ufaVj&j) . w k e k = upiWji; (X» - X - X) 

r. U X (VW) = («,*,• X Vjtj) W^ k = Eij^VjW^k (X \ - X - X) 

X. (uv) x w = ufii (vjitj x vv^ej = e jla ppp>£fi q (XX - X - X) 

p-fr* ®i cSlx* V‘ 'f J Y '-«d^ <„sIai_j 'j** j» *£ c~ilj <o>-_jj Jut) 






II 

jLj — jLj 

(ay) . (yvs) = u,e, (vfy . w&) s q e q = u.vjWjS^ (XT' - Y - Y) 

j2~*j(z— jl j (^Ln<-*j*o ( 

\. v.T = v,-e ; . 7} fc e,-e* = = v.T^ (YY - Y - Y) 

Y. T.v = T^-e,-. = Ti^ jk v k = T^e,- (YG - Y - Y) 

AAijJ Tv j vT «jL— J-SLi aj XJlL* v.r* jjI aS - J>-i <=riO 

.(Jjj-i 

jy-" • — J 2 ‘ “ ' * ^ Va*® ( ^ J 

T . S = . S pq t p i q = TjjSjqifiq (Y? - Y - Y) 

a jl jj ASbj-i jLv = (a . n) n + nxfaxn) v jbjj_/l f — T — f Jk 

.L&l »j jL e,- ^bx <jl* jl-ijj lj v .xib^ aSo jljjj n j cSjLa^-I Jiy >Sj 

(n . n = nfy . rify = nfifiij — nfii = \ *£3jJ- **ry) » J b~. b ol j «jb -!**■“■; 

ji3 aJjUa )a~iy V jbjJ C; (^bijbjj L-.-. v -g-^i 

V = (a ; e,-. tijtj) n k t k + n,e, x (afo x 

^ £*>■ jbjlIji LI C Ju y>Lt Vy. j\^r k jj, i ^U^bi *5" j <>ry W 

a <. o_jUi-a - ~ > S - > • iJub-Li b**-* W~* b asL»Iaj b aS" L y')b>->- .c - il »J-ij 

^jAe. b a 5" ^.Ujb^; .C—.1 JjJjlS' Jjb obii_p- y-J jJ ^bjly J'jj aS - 

b .xib IjjT b jAL» Jub £«J»- ->bjly J cAAib^^aJ I -jpy* 0">L^>- X »> ^py (*4; b 

1 , ". .* b p»Jbl y*~ aAJj ajli (jb£j ^b by)JA0 obj-a-^ 

V = (ajijdij) n£ k + nfii x (e jk( pp k t q ) 

= afi-n k z k + ei^ejkjifljn&n 
= ajnfi^ k + e mi( f jk jijajn k z m 
= ajnfi^ k + (d m jdik - d m i£ij) nfip.^ 

= aft-n^k + nfljnpj -nflflkZk 

= nfifijhj = aft = a 

aaa_i Xl v jb y a5" Jao^ ObJSJ tJ-ib v b (jjlwi A^b a o_^>- 

, 3 yi *j_y>c n y j n x (v . n) aaJ Sj j n jlx«l y fv . n) n 




(jtto iwH o cSL.(& 


j £ mkq £ jkq = Y d m j (t-SJI) *S -Uaj dLij 4 \ Y' - Y - Y <JjLw jl o-jU^J (j )“ — r — r J£o 
•( ^mk^kj — d m j J &kk — T J j-i <=Ty) £ jkq £ jk q ~ 9 (<—<) 

•(►s"*0^y* ^ L Ij \ Y" - Y - Y aJjIjm (i_JI) <Jo. 

e mkq £ jkq = &mj &kk ~ &mk &kj 

~ T d m j - d m j = Y d m j 

AJ . /M Ij J*> j> b (>—aJI) c~*~i jj ^jl aLIw (<_/) 

■C^b 

£ jkq £ jkq ~ &jj &kk ~ &jk &jk 

= (xxr)-djj = <{-? = ? 

■J^LT 0 ui/; (jjJj Uolo Jj l 6 _ r — r J£o 

(■—aJI) (uvj .. (ws) = (\ . wjfu . s) 

(v) ( uv ) : (ws) = (u. w )(\. sj 

.-LjS’a-^jIL. |*^ Ij b JSbi j 4 a*m y Ij l*<_jj*o ^ I 

J“> 

( uiJI ) ( uv ) •• ( ws ) = ( v ft ■ w fi)(uA ■ s q e q ) = v i w i u k s k 
((_j) (uv) : (ws) = (up;. Wfi)(v£ k . s q e q ) = UiWptfk 

^jIuS^LtJY' — Y 

‘ lSjI-^jUj tUc~ijjj 4 j OjIj (joUaio-l L 

jL>. oV jU. jj e ; L-j. ^Ujbjj j^ j*. j olkJ Oj Jj b •_«* j (J, j/j-Jll>_ j 4 

^ J l - L *- 1 l-» ^>->- 'Sj (Vj-*) iSjy *jlj »•>_> *£ Jil y »jL- jjiaj .jjlj ^ 

j^iL Lb jlj! ( _ r oo.Li ojJj *L^>- <X ^ .ijJ, oLU *Ju>- jj jl 

jljl JJ Ij. vib jbjj uSb jljT (j-ao-Li >X L aJU^ So s c^I jJio 



cz>(*joUj T 


hi 

.fjji lj sJ jU jLJ UiUL.. V-->" o^ 4 j f JJ ^ 

A ( yu& *X y 1 jj-Mxjt) *'$£’ ~ A, 

^IaA) y> X lj t v (Jjl 4-J y> jj-^jIj) jbjJ — V; 

^IaAJ^ JjIa* k t uv *y y jj-***- 1 ^) ^k- 3 ~ u Pj 

^IaAJ y> <\ JjL«^ 1 tT (j»<*Jy» ^-ik^k- 3 = 

^sIaAJyv J^Ia* k <. Q (f>^ V^k^ky = Qijk 

^IaJJ y> A\ k <■ C (pk^r VV j>^^) ^-^k^Lr-* — ^ijian 

X y \ , \ jjoliu «w~J^J aj iljl t ^U (J ^a>-Li t ci-^d ti^ 3 J- 3 oJ ~ l L -kj-* J ~ tiki 

iljl ^U^ya^Li iljUliV jjl .XX~A x AOb tik 3 U^ya^Li yA J <-XZ$y jk^* b 

.O— b Ju& I ^Jlx; a— ^Uai aAJj^ T* 0^ J^k ^k J* 5 

^ ybLt o-ijj jjJ y&AX* (jjl&Ujy *Sx £b kk 

oL) XjJj y £j\j aJu^- Sj y jL& Ja« *£ ijlj*’ ^*y 4 (p bb) ' 

••^Ar 4 

^Ju^- Sj y <JUti J j J iaA3 aS* ia—^ t «V^)) k «^=r» - * 

£y okd cJjj-j.^ 

aljT ^11^ lj o-iyiyj <-i^ oL* kk or** 4 ^k j- 3 ^r j* ^ j> -ky 

.*j£ aJu^- j 3 a-*J-> j 3 j' oke. -kk 5 J^yjx gf* --^k b*- 5 

,}jXy> 1 y\ Kj *a±-\x* ^jil&LJ jl ojU^- 1 k k aid (jr^kj oLl^ 

Ui + Vi - Wj = ^ a - ^^ 0,5 J (*^ a^. ( Aytj* 3 S) ai'ai^. 

jj Uj-uft ^k^- 5 f^ ^ij ~ Vi} *^y ” Qij J ^J^jd <-^bd 

j Uja-Jt ^UJ j^b ji \y L k * 5 ^- i b ^ 

yrj\+ <~>y> <• a- 3 ^^ ^k •* 5 * 5 Ar 4 ^“k 

yiX^JX (_$l y o—l (^JCjJ j3 <Sj .J —VjTjk A-J jA jy~j\z u5o T^ jj+~j\5 yVi jb^j 

jj-mJIj aJUj^ u5o a^*"^ a* (j^k*^k jb^ ^jL— 

^Ujji fUil L ^k ^y j y^^ ^ j 1 ^ar 4 

AJ>J J 3 J flpil y* cibW ^k ^ {H> J- 3 dJ ^ Cf lj 

lj o^^-b ^Uua j-p j XjJ>y fUil a5* yrj^ &\jx; -X^y a^ 5 ^ 

.JbloJLi o^jjl JJ-ft»^^ 



(jtji <jLtaJa±e*o iSL.(& 


)f- 


(jB-jk’ (jbb oy® 

U;Vj 

^ijlMq^m 

£ ijkU q v m w n 


pUj( 

i =j 

j = q, k = m 

i = q,j = m, k = n 


^ijlMpk 

^ijkUpjWk ((^I<Ua>- t_j 


6^ u-L£ U*jU- L j^\ o-J OjLiu l5 -^-Li jj y& j^jb ^ 

i-U-iL C ijm - C jim jSjj = Sji J\ t Jli» ..gLj ^Ju- jjjj jyjb J ji, jsjjgi 

L.) jjliuU lj jj-JU ^Sb .a-b^; j i ^U^Li _,j jjU^ b UjyJb ^1 rfJJ y, 

_>•> (ji 1 j!/ J&.-&L iS± /• Jiij?y y, y (^J - Ojliu 

^ ^ Jj jy*^b ^ilv4,y — j4j,’ J^\ { J M J .Jj^j jj—jb jljjLfl Jj O-o'A^ Jt*ju 

jU_; *-Z *^r-> J £ijk = - £jik = £yfa- >-kj*J jJ jyJi .0—1 Ojli—U 

.J-iljyi ( jijlA ( y>-L5 <lJS"^IjIaj jjboob jj—jb i_Sb . -. .r.^ f, I— 


^ J- 3 ^i; - ■% OjLo* jybb <_Sb 4 Sjj A;j ( _ y ii-b —Jyi A^ Jyj jlij ) _JT_ f J&o 

• O—«l y Ajj = — v4yy (jjlji—lj jy—b 

.|*j_)lj5 ( y 4 —jjl - jjbo* jy— b jAjj OjU— jyjb ay jjs 


*% -4)' ^f« ^;V-^mn A nm ~ ~ $ij Ajj 

j\ J~e> U- cS^j flail jj j xS'y lyl lj jjliub Ojliu uijU; 4 - 74 J flail yjjl a* 

(ylybj a—Lyi yiLaJ jjy <_jits' 

^ ■% = 0 k Sy A;j = o 

a J ob^ j - 3 9j —< J l>«il ,_y»>-bi (_gjlaljLiiJ Ooy jl ^Sb 

egly Ai-Jjj (^UJayw .Jolib. y»»-Li oV^Lm jl ^l- 0 »}U ^Sb .JLib^y ^Jbu A— ^Ui 

.0—1 oao AjIjI yj Jj y yj I 

(ol O—lj Jj Aiy \ A 4 aJjLw uSb) <t> = 5,y Tjj - S u Tjj - \ 
(flaS"y o—lj uJ^i> jj 4 J—>■ A— 4 aJjLw a—) ?,■ = <2- ny - Y 
(flaS"y» o-lj 4 -i> jj Aly jlj>. 4 aJjLw aJ) Tjj = Xdjj E& + r ^ - r 


)Y 


c5 ^ • r 


^U4iJ Jj V,- jb^ ^UaaJj^. Vi — €ij k W jk Cj jLp ia^-j b T — T — T d&o 

lj W^y 

pjjS^* ya^> 0'*>bo->- ^Ji>- olSol j & (_£jj jj cj>JJ b ci^ 
n = £ ilk W lk + «,T* ^T* + £ z'rA: ^ 

= + £*\r w^r + £ /y\ Wy\ + ^ rr ^rr + € ir\ w r\ + %y ^n 

Oilrig 

= e \Yr + £ \ty = - 

v y = £ Y\r ^r + € n\ ^r\ = ^r\ “ ^r 

v r = £f\r W^y + £ m ^r\ = ^y “ W'n 

(j^») ^ jbjj v ; - jb^ jjliu Wjj £\ *yt> 


(a^ ^ b^«jf V 

j l_Ajb1 va .* $ l ^*-1 pI J-^bio cS^ 

lj bb^j-wJ jj L-« Aj j\sj bo jJLo ObJLcP J L_AJjAJ Jl>- b>*Ij I C^bwl ^1 jj .Ij^Z » 0 jbdl^l 

jJj-* 

i" +3 *" 4S" A*i_J ^ Ja-oJ JJ j j^A>*-& ^JLial^a ^ b& AJ ij i jl d»wjl 0 XuJ i tc L^O 

j la * x / jJ ^j-uJ jJ lJXj-/ ly 4 ». <g >fcJL< (_£lj^l .Aj^»x^*o ^-^bj o ^ul^3 

£>> jl c~J <5*c~J frj^^y (^Ijb .JJjb j\Js j^s>) dy^j j (^ybO 

^jL>j L [>l ; y ] Oj j-w^4j aS* JLiL j c^-wAb> ^jlx>* jl l5vj j-a b c ^ol jj cIa^ Ss> 

C-3 J*“* {J jJ b 4 a 5" J. ^ . t lj l jbjJ <3^^ AJLwSbi ^ 

AJw^jJ 4^ ^ ]\rf bo O^b (^LyJ flLyyJ 2J A ^u n^yi) J b> J jj «»L*>* L) {_)I 

(jL*j a 3 ^ 5 * o-^l a 5 * A-j»lj^o qjZ+j j N ^ jia ...«j M (^Ijb (Af x A/^ ^jjuj^a 


<**= l A ij] = 


~ l M\ 


v4 n ^ u . 

••• ^\JV 

^r^TT • 

• • Aw 

, 

. 

• 


^ ^AfY • 

• • A/w 


0 - ?-Y) 


JL^-o (£ (j* bit*** (jt> j om* J > wo cSLj» & 


) A 


^_5nj [^4] ^^Iaj \ xN ( j-*j jjLo ^-5 vj .c^jI £-> jo (j+*j*ta cSL ^j^jjjL tXiL M — Af j?l 
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jjijj ^yu ^_o^yLo t—yy y^-o-A . optfoR/ = os/ o—i Oj^ yj jj j ^j-^Ly 0 y 

.^y^ o— lJ (jiy (jyii ji (j-*jyL« <*_jjrs<s> yyj>. j Gssfes?fe</ = b c—i 
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.Jjb *J ^jJi^y* ^j5sa^ 0 XolxU JaJj-i ia-^jJ Aj a£ 


T’ij = &upjmT<pn li T' = ATA 7 


(NT - 0 - Y) 


cjjl\r-6-T j ^ Y - A - Y m jq t $U Lr a^U ^ c-*Sjj» aj 

t c—J oJL*i ob ajuuj j_j 6ji.S'Lj a 5* Jli&l jS L yLbi* j.>b c— j>j^ L <, o^^Kj .-LoUJ 

.pjjta JuiL a5* ^IaX^ y> jl ^jL^-l ,JU jj-Jb >-& a5'^ j 5' jL jljJ^ 

^ ij ... fc = a i(fijm •*• ... M (^Y-j-Y) 


l5o J j>- ( J*£>jJ><Sj" Jijs> jl Oj^J ^Ujj^ Aj jly^ b J^(HlU 

p 

jl y Jau *»jj Ij) oLjaiit* ^LfcA>uLj3 jl J-* I-*jj>*-* (jyl£x*( ia *jjj Ij IX-« jl jj>** 

Jj_>- <\«° ojlJ l_jI 4_t ^j^ZpLj t o^Lj JlLo v-^j (jljlc-Aj ..ib iaLjjl (oIj**aj 

u~*~S? CS- ^Ji ^cr"crij^ •' x tj£i J*> b V* - Y j^x Y 

jl d*—I dJjLo-c- 

O O — \ 

o \ o 

\ o o 

^fluLio JLo6tio (JI3jj( b cJL>- jj—Jb ^UaaJjji JUsjI .JJ^^^det (A) — \ j 

OjLp JliJl t uX " ^ j^lia^XyXf- 4j>Jua> jJ Uj jj>t^ ^ISUjI ^IjJ .x^tj^ 



K1 



\ o 



\ 


a-S^ jLXj jl jJ^-jj .^jjb jlo6i1o (Jti ^*(^ju idet (A) — - \ jl j^ a5* 

LJ <&jl jl Jai i_jJ^» V; = a,/; j v'; = a,yv ; - jjlji Ja-y ( (S fL3J (£**() (S^J^S! 




'' ‘ t o (j* 4Z*— y** Lto o C-SL*& 



X, ,x; 



r-r jsa 

x 1 x r Ji ^ yii^-w o |_r“^;l (y) 




<c# l+*oLj * r 


jb jv— y* .JCwJilj 6j-i 


J>Ox\x\x' r jb^.U ^ — r (J&> 

ui A -Xy Jj>" ^jSsIpLj YD 

.j^S { y^ lj v = e^ + e Y + ^ jb^ 



^4-wj jjLo J£d ^ - D — Y aJ^ 1-**« jl j 





or-" (jLa> J ** cx . o cSy(£> 


rr 


^*-•1 •• A * i » J ' J fy*>y \ - b- Y Jli* jj “i"tgl-OUjyw y. oj*J Ij 
yO^ J£-s jj ^ p jl& jly ,_y Ij \T - b - Y <JjIjw Uwl y j£>. 


[^] = 

\/>/t o -\ //r 

O ^ o 

\/V Y • ^ //T” 


T ? T 

° A © 

T T o 


\ /V^T" • W V y 

o ^ o 

t^r o \ /VT" 


r 

n 

L 




-r Y / tTT \ 


— » A o 

> a / vy o 

Vy 0 djUte* ^jLa\ Lf Lal ji^Lla f - Y 

u jkj-! '-I T p- 3 Vj- 4 jyjL? v * s r.y I-Ujl y 

(|*^“d y^ (jd^ J !_ 5 -a>-Li iSjliSiU; Ojjrf Jj y *J UCjI jJ a 5") .Ljl^y yj CjjyaAj 

Ti-iij = v; U T . u = v 0 - f - Y) 

J^J—t *-> b u p•£—* jtjji *-£ (J**' (Jtte’t'Si jl^f-o jl/y Ij pi <Jy jj-Jtr y J 

T jjUi. j^Jl- y ^lj> yyaio •■>/p-yJ -Uj^ JUzil y-Uil ^Jy<u* ^Ui y V 
<-r^- y k Vy> «>iy i$U» jl <s^ y .J-i uiy 7^- yjb- ^U*iJy *S 

.ij\i Jyj yj Cjjyaij V; <Syy£ jl iy (C_J ,JLi «_iyj rtf <& jlp lyS - ) <k£ jl j 3 

7 y n j ~ v i k T . n = v (Y - ? - Y) 

y*i - Li ^ n i y - 3 - 1 * <-& tiLLi Y - ? - Y -djU^ jl «x.T c— ju v ; - jlp ^1 


^ n } = Av- L T . n = An 


(r-f - y) 



rr ; r 


j ( JlSLo L ^ Lo ( j ( JlSLo Ij A A Jlp j T L n ( CZ * 4 fX > Ij Tli jj 

Y* - 9 “ X oj-j. o^5*~ 3 l ^^15^ .JJu jff^ T a j^j 


f^-A^)n y =o L (T-Al) . n = 


(f - ? - Y) 


c^^jL^p oJ luj oala ja Ij 


fT n - A) + T^ Tiy + 7^ r /i r 


Mia- ?-y) 


"*” f^YY ”A) Wy + r Yr /ly 


(v*- Y ) 


7^ Tl\ + 7yy tty + (7yy - A) Hy — o (^ A ~ ? “ Y) 


j?l jjlj yu& jJz Jj>-A Jjj aliU jT%i J^jil 

^l*J O J-j( jJLmS> I,—*J Ij-m£> jLwyO jjA 

I Tij-Xdij |=o (P-?-Y) 


djJ (>. o Ij (jl) A 


JaIa ia^uj jl L yvJ 4 ^ 


A r -JjA Y + Ujk-lll T = o 


(V-f-Y) 


T ^yi <«—■O I J +0 O^Sl |»-A (jl jA <£" 


/ T = T. = tr T 


Ml A - ? - Y) 


IIt = y (X 7 Tjj - T'j Tji) =±[(trT)'-trCr')]^^-?-^) 


III T - Sjj k T si T r y T r *. - def T 


(yA-f-T) 


(jr±~* (£ (jt* &** * — (jb ]o^+ £ Ko duj ^lo 


rr 


. 9 j-N^Lp .XaL^O T JJ^mjIj jOJ** 2 jO^J ( (J$f C5^^4 ^ jJ 4j ij l^jl J 
jJ tr T Cjjj+ 0 aj T jj^jL <_sljj j tJ-L^lJ^ ji(Ij jj^Jl; y> ^-jjJL 

.A - f - Y 4LU* 

^Iaa^Jj^o ^5* T (1)jULl* jj—jIj L*LaJ V *- 9 ~ Y jA^> , A^^ ^Li<uio j 

'-^i ^S* uf^iq) ($ ^ ^ > T) (jjl jl ‘-^i jA ^IjIaj . ^La ^ * Ojta ^ljl ^ 

0 >x 3J** L «l^a T - ? - r oVjLw Jj- A- yn^ (q-\,\,t) Juo\ o*>- 

. ( j- r «lj jJ j oMjIaa Ja—/JJ T - ^ — T oMjU-4 { j M j nfli — \ 

[ Tij-X (q) dij} nj q) = o , (q = \ , 1 ,r) C\ - P - T) 

L 

n, w n/ q) = \ , (q = \ , Y, r) (\» - ? - Y) 

Ul tXX**P J |*-A jXjj J *jH ja^2j>C~4 ^Lual (^iAO^> tJXiL Jj Lwo j£j jlA^ ^S*l 

j+s2j>c~4 A (r) L ia-jj^o JaAs olSol A 0) = A(y) wU-jiL ^jLu^o L <uiuj jj j?l 

^ y y^j oLi-jj^ j w/ * j. ^j^-p aS*j5sj ^ j* tcJU- I jj .*jj jlaI j>~ 

^(\) ~ ^(y) = ^(r> j^l .X-iL^o ^yi-ual <5" Ij jj$LaJj ol&xo 

ol^jl XxL 4JL*ib Li ^^Lual (_$I-Ajj^«a jl^lPAj Jj^Lm>1j JLoIaLo ^Lbjj>*A 4_P j^sya jjti 

•^W 3 f 13 Ij J^pr J* 



r-r Jte 

• * * 

Ox \X >(X f- ^Lwi?l {^Ia 4 j Q^XyXy {_^LAjj»w* 



(Sj 3 s° xL-oLj • r 


na 

1 jJb T jj-Xb ^UXiJJLJO ©jW Oj5* Ij ^^Lsl f a50j! (^IjJ 

L T - Y JSw Jilk* T ^Lal j XXL ©xi ajIjI Ok^y^t ^jU aj c.^j 

oj jjl cx*x L U>j y>^a a_p j* ^1 (j+t JUijl jj-aJjjU .XXL ©xi o^b oLX Ox ^x ^x r 
q j-^Lp (jl jIpaj \o-^-\j^-f-t jl ^ aj^oI^a w/^ xp- 

jJ> a 5* xil^ fly = Wy^ l-AJj*j <jJs> ^ly bj p-JaU XloXi A_^U^« >1 £pl 

,cx*l oXi tob jLX oX j>- L j JjX>- 



.XiL^O 

r* y = a iq a jm T^ l T* = ATA 7 OV-f-T) 

.xXL^ A^y l 5 U»1 jjoUL* of ^>b* a5*c~J < 5 Jai l5o T of ^ 


jt ^aJ jjl_4 A-5" ij T AXjj^ujLj ^]_n^I ^IfclXsp* J jJ^lLo ) — ^ — f J& 

•XX yyJ ly,y> ojb ^XUJ jij £jjj*0Aj 



jl cxJ o jLp P - p - Y aLU^ U*x I Ji> 




6 -A Y 

Y Y -A o 

o o y -A 


.-Li JlaI 


^j-uj <*SLo£ Aj la.* a5" 


(Y -A)(\ o - v A + A Y - Y) = « 


fr-AJ^-Ajf\ - A) = o 


b 


aJ^I^o (, A^) Y (jljj T jj^LL> A (> ) — y , A (Y) — f , A (r -j - \ tj; ^1 jl 

!j j oV^bco 6 - ? - Y 


Y «! + Y « r = o 
Yn, + n y = o 


n r ~ ^ jtJjl^W/W/ — \ j! j JJ ySi^a obi -Lib/l> = W Y = o jails a5" 

(i — ^ — y aJ^L*** A( Y ^ = ^ 


- + Y n y = ° 

Y n s - Y « Y = o 

-r«r = • 


j /i Y — ± \ />T6~b (Y n r / + * Y Y = ^ p-io^ LL^ln r = o = Yn y ^J^bj 

A^jj 6 - p - Y aJjU>» A (r) = ^ <s\ji - n \ — ± Y / 


Y »! + Y «y = o 
Y - n Y = o 


rY 


(5 • T 


n, = 


± \ + ( - Y wJ Y = \ b>*ljJj.>j/i r == ° Y w r — o 

jl c— jI OjL^p> 4 (Jlizjl ^lij I jl .JuiL^y* /iy — it Y / V 6 j 


[0#1 = 


± \ 


± Y /V^ ± ^ /V^ 

± \ /VT ± Y /VT 


IJLwO 4 _j ^ ^tSb^jl ^jSsj t-US'^o jtfiwi Ij Ju^pl Jj <5* 

a5*C>wjI o Jui p^JaU ^\ajj£Aj JUlil b# ^jj I aS3 j-**> Aj>-jj ,«LJ»1j^« 

sob *** > ^jjLurfl A_j ^Ju*^**u jj ^yb»^l 

.Ju l^o CU**»Ju Jl>-1j ^j-vJ j^Lo jJ <^>j-n^J b ^Ijo C~uJ Jw*jL*JUv4 ^ 

it C^'^bp (_$^b AS'j^s^ jl a£ jjJj^o o JjbLiwo ^ Y — 9 — Y 4-tabc* jl c ojj^'yb 

•■»J^_T* Jij <=>—■ 


o o \ 


6 Y o 


o Y AT -\ Vb 

y /vr \ at 


Y Y • 


• \ aT y aT 

-\N~b~ y A/T 


o o y 


\ o o 


r y o 
0^0 
o o \ 


ld» «*il b® ^Ijb (_^IjJ ^Jl^I ^jJoiJL® aS Jl*AO (jbij )* — — )* LmQ 

Cjts^ l> <^Uo4>- J 3 _>^ cfL^J 3 


[Tij] = 


b \ VT 
\ b VT 
VT VT ? 




j 9 — 9 — Y aJjLl* <, L>w I jj (J& 


C) -A \ VT 

\ 0 -A T 

VT" VT ? -A 


4 ^ivi * 4jjljca oI jl 45" 

A r - ^A T + Ao A - \ YA = o 


(A - AjfA - f) r = o 


L 


• J-*'5 l _y4 0 - 9 — Y aJjLw tA( ( ) = A 


- X K\ + «r + VT ~n r = o 


J 

n s - f «r + V Y n r = o 


VTn, + V T « T - Y « r = » 




jl L ^ l^bj — V Y My J fj ' 5 o*b( jl j «, — W| c Jjl jj jl 

(K> «A = \ 


(«y/ + (n r ) T + fVT« T ) T = \ 


L| O. 


jj T jljij; UJ jU « r = ± W VT j «, = n T = ± j-j 

r* °>_j j'v. <; 45") A (0 = a 


n 0) = | (e, + e T + VTir) = e,* 






n 

jl ij^S' jta^ 4 ^(t) l5^ 

n (T> = (- e, +e r j//Y=e T * 

**oo = **('> ***(*> jl ** (r ) ol5ol 

n (r) = | /- e* - e r + VT^J = V 

\ ^ — ^ ~“ T A»bljc* la o Jlmx AjIj! ^JL^I (JIaIjI L« 


K1 


\/Y 

N/Y 

\ /VT 

-\ /VT 

\ /VT 

o 

-Y/r 

_ n/y 

\ /VT 


ojLii Ojliwo a^u jj* ^ijbj^u^jlj <^j^y3^" Cji > *^* ^ * ^ «<*»<««$ 

T ' ^JL<al (T) JiLJiL^o T j T ^JL^I j ^^L^l ( ^ ) .o-^l o-Li 

^Ubj j^jlj j*# (X ) Jcj-u^& jLu^o ^Iacu^>- ^Ijb j j j jjjLouA) JjIILu T l5 !mpI L 
jcj/ £ ^slm3 J c«mJwo (j OjUi^ j^--yjlj <Jxj (T) JjjU ob-*^, ^^1*^1 ^oliL* QT j TQ 

(_^J ^j^l JlJwdj^^o ^MfcXo AodJ £ ^iutO J -LkiL (^jA--*) o! ^i*^l jlJLa ^j^I 

.JH*iL (^jAL«) C m 1 « J jSU 0 ^Lm^I jl jJL* 


Laj^++u(j jLL^ i L j/x^ V f 

jj^uL" cSvj t <Ja>tJ jJ X Aj oJlJi 6 (j (A+c ^_5sj 

^yLoj aJL^U JCj>- <_$jj t j Luai jl ^jJb^o A*^-lj l$Jj x Oob <$" Tyk (x, t) 

Tij...k (x y t) ^IaaaJj^ j$*I o— I (^^^J-w-jI^aj ^ JjU j j (jj I jl j ol*^ 4 

tjliwo ^I^J .<JC-*iLj •L*jl^j^y»« ^14-ij^o ^1 ^l_A(jl«XjwO . JJ^*>L) t J X AJLwtt^u ^ol^J 

^ 0 ^X ; t) ^jl*lS*^L ^—i la^ujjJ) O Ij j ^jUj-j ^Lfcol-^-* 

.^b oLtJ ol^;^ Tjj (x, t) jVi (x, t) 




(j-* dJL *4^** Ub J sla&ho CiuJ ££o 


d / dt jj-jljj I lj £ ^ *w5sj ^Jf'yr iS 

\j*-t* l —jl •-^ L ^° c * * xJ lj o^Lu>- Jj^x« Lj 

4^ J^Ab^o jt**J 3 / cte^ Jjjljjl l)X^ u'.,<g“>t^ 4j CU^uJ ^j^T 

tj^**~* *S (jLo 6 / ax^ ax m ^ lj fjb ^^*<*a a+0^>- 

ol^A4—> Ji L^'^i Ia1 j^j^ J dqm Ojj-*p4j 

UIS CZJL^j^j AS*mj*j ^UJa-ki^ ^-Jl5v4 C^wjI ij*zi jJ Jbjjiljj 

t Jli_* .Jj jIS^j jSia oUai^ 4 j C m ^J cijblb oLtj ^ijj Ij 

l$Lh J dT ij / &c* (iLri ^Jfc f / toj (iln v i,j y W tilr-i 0,i p-—*i^ c _ i5 —• 
y>j^» oU^o l5^j 4j cu-^J ^^J^jII jib Ai' pjjh 4_>- jj JLto ^jI ^ a Y w- / ax ; - dx k 
J-LJ ^ / dXj jl J»*A* <w5vJ ,j-sl>«^A Jj^ujlj 4 -Jj^» jJ> L ^ r ±o Ijii 


ax- / dXj =x itj = 8 i} (\ - y _ y) 

4 ^tlAjljjj jLLu>- jb (del)\ cc^-ojI o-Li j^l?" L>tjjl jb a5"^jIJlSjLJ jb 

■^lT* Jdj od^ 


T 7 a * 

V = -e, + -e Y + - tr = -e,- 

’ 3v ' 'V,, I 1 


dX s 


dXy 


dXr 


dX; ‘ 


(r-v-r) 


^JJ-^ Cri-^. b = 8 rad <t> JJLC qL jl jjIjjLj .j lj a,. ,iL JiLi 

d,<P = <t>,i (r-v-T) 

jl c~J OjLtf. Vv jb>; (jLilj% 

d i v j = v ;,i (T-V-T) 

jl >■ " ■ *^l v . V ^~ . */ v 
tyi=v i , i (6 - V - Y) 

jl (^^-.1 OjL^. V x v v JjS - 

tijktyk = £ijk v kj (?-V-Y) 

»jUi«.l Lj (_$IojL( b .;,.,..,i Jba«j cSbs^jL*J jl ,_yb>- ^S”obib <C>-Jub 

i*. s ^ d)l—bj 4^»jl (_$!j-j «.C—mjI ^|jli Lgjl < j ux>*^ ^jljSbLw jl 

oly,_y» 6 - V - Y jf-V-Y oMjLm jl v jb^j yb I <2iv ("curl vj = o 




^ (Z* L++o * Y 


ft 


j ji ^ ^ 

o0*i j^>-) 


3r ( £ ijk Vk,j) £ ijk Vk,ji ° 

(jjJ>- O<—-> J*0 I Jjl aJLj>- ji jjbj? Aj>wslj aS* 

OjU^o L&^ya^Li jUjb l aJuj>- a 5" ^Jl>- jj .c**J - ojliu 

.(..Luj lAX j *jty*J^ l * /3^ (_^Lfc qL ^ijS* ^Ijl^ V k 


jZ~*l j (j*^A — Y 

j <_£ jSJ^j\jOj^ Jjli 4Z^*j*j jj-laj aS' Tjj k ^jLl>“l (Jjj—jIj jt-L^o l5sj 

l-£o F j^l . ( *j^S'^ laj lj dwJ oJLi <—aj jju L^b^ai jl ^otjj A_*>-lj ^ Jj 

^la **j Aj £-jl>- j^Jaj (Jl#jJ J .C.*^l o^j5 "Ij £ AXi*w ^da-u* b aS* *XJib L Jit ^1 

(JLj dSj — fljdS cZJj j-s^Aj ^rJa.*.*) jl ^j olSbl tJ-fciL t flit (^ — T ^J^*X 

Jlj^ljl jjj OjLp ^Ijl A$" ^Ja-j JijSol ^ ^lAjajlj Lf* 

(Jij^X-jl jJ j (jl^XpAj ij Tjj fc AygX>^ i-^J A$* Aj Cm*>*> d«.» J Tjj k 

.xS^yo ^b>o) 

f T ij k n q dS = f Tij_, M dV 0 - A - Y) 

v c J v 


J .C—l jS*3 jbLi (Jjbjj j (jUjIj^ (jlA j^] aj cJL>- ^-L^- 

i oJui Ajljl ^Loj ^jQS'^Uj aj I 


f dS = f A^ dK L f An d5 = f grad A dV 
J s *V ^ S ^ V (Y - 


(Y - A - Y) 


f v (Pq dS = f w dF if v . n dS = f div v dF 

J c j V V 55 (r - A - 


(r-A- Y) 


I £ij^ijV k dS — I £ijk v k,j dV l I n x v dS - I curl v dV 
J s *v (y - 


(Y - A - Y) 


o J L^> A_jlji Aj ^ia> Y' ” A - Y Aj^Lfcd ^ y*z( j j &m* j!ok * Aj 

.A-jil^« jIL^ 

J./3CXJ1 £tJst*j I^Jj (JiJ^*ji Aj Ij AZ J m J p->»L>- <-^J {Sjj JijSol L-5sJ (J*$ J^-» 





{^j-+*** 4^ c5uJ» & 


rr 


b^J Aj Ij (oji^*- Aj bJj jJ*-^) jL ^Ja-uJ b£jj Jjj^-^ b^J tJlAO^o Jflljjl Ij 

^Ja^i jj-ua>v« L<a3 C b JJ j>- Jlj&bl 

b^J l)!^**^ Aj) b-J — & — T C db ^g**L&o j( J j* /^ib J dX-i j JbJjlj 5 

A—> (Jbj—> W f ‘ .(d*.*.*<l C7 ^jjj ta b^b^ c£^°j^ ^■^ a -* 1 ** <-^j 

CbLj i Aj^iaj C7 j S b-i; j*; b£j^j^ ul-^-* j-A V ? ' j J*ilj S ^Ja^o ^jlj^- C^wi 

a5'«u5^ 

<*S = vydx k L I n . f yx y) dS = | v. dx 
J s J c j s j c 

(6 - A - T) 

(jlj^PA_j b-d—pi Xjjl—J bl •S’J-** J^j-J V jta^j Ij aJ^L*w« b L " ‘ ^ Jj^" 31 


*3 ”, 

# 


dS|« n |d8 


MO 



&-Y JSLi 









J u ^ o Ob J o u^vo C-SLj> (S .o 


FF 


4^ Owl ^Q-~> c3vj <_£jb^j 4 J.jU-« (*X — b) .X — « 4_S* Xjo jLiu .Owl Cw(j Ji 

■^b^ y ^ O' ^-0- jX = |b jj y» 

4_S” xa 3 cl)Lw>l^yy y (^4y ~ A ji) jA^jj A (b4,y "J" >4 ji) ^jliS^Lj j! oliwl b f — T 

UjliLa jA(jj) Ojbx> ^Uc^J ^y±Pyi 4j XljJ^ 4 ., X ., o ..fi> Ajj ^l_fe4jlJ yA L A j j^Xl" («, oJI) 

.ZyJi Ajy^Afij] Wojl - 

A ij = A (ij) + 

•^ur 4 '-Hj* 3 JU ^J^A(ij) ^r^yA J\ (w>) 

A ii = "4f«j 

B jA ^Ijj (<— 4 ) 

A ijA*i ~ ^(ijfi(ij) + A [ij] Bfij] 

.j-oUj ^Lj ^jb olSbJ a£ ^pb*- b Jaw lj ^b&lib J^»LS otjLc- £ - f 

(°) ^y^/A: (y) ^ifijAki (y) ^yAy (<-^0 

^4/fc ( 00 ) > ^ (y) > V" (y) ; V (<■—aJi) L* 

oLx Q-i oIjLp Ij bj ixJib b- = Sijjgjhfc j jJbjC^ j£\ 9 - Y 

a i = SkCAi - hjffgi 

a = (c g) h - (c h) g ^ b 


•oyS* b jij °IjLp ^Jiw ^j^jo^Lj (. ^LfeCwjj^jj <.5 jj b v - r 


yA/ (y) 


e \jArj v k (A £ \jk a iTq (y) £, 

" v t (oo) fl Y f^rr - (y) • (y) 


1 

e rjk a j a k (<-«JI) 


« MO : 




y^j' ~ U j\JiL*Bjk £ ij}^j jj-^b 4^ Xjio cl)LJLS («—aJl) A — Y 

A-* 0^ l> £ ijkfijk oOj) u_ajj^J jb y .XJ^L iwjl — ^5*1 (^) 

.X^b ^^ 4 y ^ntqi^i a 5 "Xa^ jlw .(Xuab^^ jj^Xb &*($£ J b O' JLc-I) 

dr^j' J^ 4 y y-^v.-®!)* <ibi o^ j b^A* ‘OJ-b v 4 z y = < 5 ^^ + ^ ^ ; y M - r 

.Xj boJ 63 baJX/lv 4 ^‘ 



Lo Lj .* r 


Bkk = 14* ; A; = V** •• 


^jUl-* Cwo-3 Tij J_fl Oj^i T 1 /^; ^ "V 0 1 0 ~ r 

p** 3 jly by (Tij + Tji) { j^j 

L = ZijkflibjCfc <—><*i* jujo jLtJ Ojj-^? ^ L) » u->b ia-*j L 11 - f 

.0.^1 jjj <jlw> jJi 

a s a y a r 

b, b T ft v 

c \ c Y c r 

J5LS 4j ij U - Y - Y aJ^U^» to* (5l>w>4 r ^ jbj ^[s^uAyj , fl, ^jll&Ur L 

.jliJjIj g%/ j*a\i&Ajj <jl 4^"-Ljjl c^j^jdet (<£&) £ijk 

.jyj J5Li l U - Y - Y jl 1 r - r 

<fe* ^ = e ijk A iAjAbX 

.o~ita y-Aij <^Uj yi^j JJc>- 4i* -Ujo jLtJ 

£qmn d€t G%f = ^ijk/^iq^jmAkn 


a.'X y>jJ? ^jJoisla o-JLSbU* iLj e5sj Ij 4-bU^> ^jI (jl jj -ijy .^ Y — Y ~ Y 4-bU^» ^ 

. jul Jb jj j <J j-*y ^ 

^ <2^ — ZqninSijkAiqAjfffAkn 


j ob 

jiJ 0 J_^ 

-uv4,y ^jju jL^jJa /nr - r 

A \\ 

^\T 

■^ir 


A u 

A TY 

»rr 


Ay, 

y4 rY 

^rr 




&Z*+*y*± Lto J s uk C Ko cSu^tto 


o\~*j** j\s!a y j-^Jj (JC> y^ry> oy~^ j* y L> jia^j j* y ^UxjU- j^>- 

.cu-^ta j jh~j (_$jLi^l ^U^Ur jt jjo jljo jLiJ 


A mq 

4 

A ms 

A nq 


A ns 

A pq 


A ps 


Jjj OjLp jf Ja-~j L jdet GS/ — \ $yXy 4j>*4u = djj y jL **y £\ <j y£\ 

CH- 

£ mnp£qrs = A mq (&m&ps ~ &ns&pr) ~ &mr (\cfips ~ ^ns^pq) + $ms (&nq&pr - &nfipq) 

.Jjjjl c^-L ^jj J$LS Ij - Y - T 4LL* = q o^b j\y L 

e mnq £ qrs = ^m^/w “ ^wj^w 

jij £.j* LS^cny L* *& oLiJ t f - f 


[ ^ 1 = 


O o ^ 


■'••'■ c,:i 


. X a Z . ^ , A Jj>-Ij jX >■ ji J_A 

oLiJ t 5U cr o J jU jf L 10 - y 

n ~~^ Lf^X & “ T - T <J ^y L C**J Ssj gy (1)1 (<_iil) 

.(jl5L 

^ Y - ? - Y Jli* ji Ai'AjJuiL^ ( oc*S8 ) T = g$ T & ^ T ^ 







K] = 


^ r ^ 


• Y T [ b ij 1 = * T 6 


6 ^ Y 


j^lj Lr0 ;L. of jT jd = orfc$/~ s = o/^ xib xbx yoyl* C//I - r 

Qt/ = ± ^ 4i" Jujo jLU Y - Y - Y jY'-Y-Y Jli* £db^ j* eiUi-^l b fc c ^' 


oUal?^. ol^X—j-a ji AiaU i_Sb> C$Lrt <jijU*Aly J>\ X*by» Jj&L+q£> \j jj —<-& W - X 

Ttj ^Ia4jsJ y> L 4_jy ij5vLw^ jy~Jb l5^ T jx 5* y?'ji .xib jL-5b y^bL* c£b^ 

b OxfaX x *j cx Ox\x\x\ j ^ Ox^Xy jj^> ^ cx 

tjxib d juT cu^Ju n= fe^ + e T + ej/ W aljxl ji Jy- ^ Y° oj^Xl <U 

iajljj jjL^» j 7\ \ = 7 \y = ?Yr p-t-^y- L^jy*-* yl yu Jliol b Jyo jL«j 

Iz^jJ OX^XyXy jy^-* 4_J C~_~J Oxf'^'^'y ^Ujy^-4 _/i jl Jj OJ^ . Uo^ly 

XJO (jbJLj ol5bl cXJjb ox! CXjAjXy jy** Jy Aj i j^xJj 

j!j~^ -a Ij ol cJLJjLj A-*jj» ■*-& jy*ob j-fc T jS'l a 5” A>vJo Jliul ^1 J-"-‘- v C"’ 

.C-w^l Jl>-I J jyj b I j i_£j A o! y a^ O— AI Oj j-J>Aj 

b £ijk J ^ij c5j^^ 41 y^y^V J ^v^r oti <y-^b® xUju Jliui t-$b \ A — X 

a& Jujo jbJLj ( yju .JuAi (jbJLi 


£ ijk *“ £ ijk (v) 


«3', y = <5y (Jl) 


T — Y — T aJj>U» jt J XjLw jLy-l ij£ ijfc — ^i^jm^bt^qmn ( l ^) J 5 • ^A (j 


.JLJbS' ojbXuj! 


jl x-jUp Cbc^x T x r j Qr'yrVV oU^ ob^xo ^Ujy^* yu ^bljj H - X 









J-H-o cJL j(& 


fA 


x.Uu JUal cSL Ai- v^> oLU J xxS ^ Ij Uj^ ^ J3 ^ jusl Ml) 

■- u ~ s ^c 

4 -; ^ j ,a f—dl^-4 jJ l>*\ + JC T + x r = W V^T a^_ms (ej) 

Qt^ -'-5L ( _ y * b ^ \ + byx\ + byX ^ = b 


M 1 ) [ a j; =] 


)/W 

\h 

-\/l 


\IW 

MW 


\/W 

-My 

My 


^w>L 


M y x '\ + *\ + Jf'r = 1 


jjj <j \ \ - f — y jl ojltLjl L f • — f 

det AxjA^jAyk 


• J 4~iJ*i jij Ij f f - Y 4 JjU-. 


I Tij Xd-j | £ i/fc fT'i; ~ AS\i)(T^j - Xdfj)(T r i c -Xd X fJ = „ 

^ (jlJLj 4JiLt« ^jjl Ja- V j Ij j 


A' - 7y' + [ 1 (T, Tg ■ - T„ TjJ ] i - em T„T v T rk = 


• JJ / -f’-y *JjI— b 

J jij 4 SB jj_oL- ^ r i - r 


[**■] 


w 

• -rr ya 

YA 


"^OSS * 1 Ll -M L ' («jdJ J-^l ^L»C^ j (.Jjj Jjili.) JL.I Jjili, 



< SJ3J ' r 


n 


A, = \y A r = y? A r = -n 


^Mw L 


n 0) = e, 


n (T) = (f e T + v ej / VTo n (r) = f-y e, + f e,.) / V7o 


.Jb y£-> I J yj (jjliLbo jJ L> XX — X 


[Bij] = 


$j^rj (j "-*^jjl ^yJLstf 1 ! ji y^> A^aj c)L~j (<—a)1) 

yj JloJul i j M jjj[a *£ JuAJ> oLlj <.JUjL } Jb y* 2^*1* jljjL>A^ (i_b) 


K ] = 


\/\Ty~ 

-\A/T 

O \ 

0 

^A/T” 

\/VT 


.ja^^ a^joB jj — a i( p ]m B qm ojLp (jJ* 
4^* JLA3 (1 )LJLj Qt jXyX^ ^Iaj^p^o 4j (JLflJul C, * J [ B jj J jl J«X>- ^ 


[f%] = 


• c^i [ Bjj ] jl>- oll^A yj ^ (°) 


[Q] = 


o -A. 

Y 


C^*** (jb J^auJXo cSLj ^SZq 


d® 


b Jij LTiS ^ l 7-^ ff - f 


[*#] = 


n -77 
-77 <\ 


^ ° u**^.j^r ^ a ~ ‘- j j^ Ox^x^x^ j! oX«l Cu*iJ j Ox ^x yX y ^L^i ^Iaj <lS* jljo oLij ^ 

• C^-wjl 4jjj£ Ojj-^sJCj J^- 

A} = Y , Ay — A j Ay = \ T .* ^bwL 


c^b-j b ** * (Q ~ \ Y , X) (jLfcc^ jA^ (9 — ^ > Y, V) f f - r 

jjj (jjlil» jJL» 


[**] = 


r -\IW \rff 
-\tfT \h r/r 

\/A r/r Vr 


A') — ' > At) - V > A (r) — V 


* ^ w-# c 


“ ' = y^ t ** + ®r - *r)> n (T) = | f 7r 7 - e Y H-e^, n (r) = ( e Y +ey,) / 77 


JLjo jLtJ t 


o l^JLw*0 4j 4JLmajI 


J>j ( j^olA4jiJyi 4i” t, 


ulj t_5vj D - f 


Vfx. D) = D 


lZ^aJ^a jlijj X — JCjCj* (jl ji 4^ 

Cxi~ _r& J* b** = */ + -V + V Oj^-e*, »j ljLil gj* (ib lj x = x Pi J^y. rf-r 

.jxS 

div fx" x ) (o) grad x (<_ili) 

o-u jap n ^ curl (x" x) , (o) grad (x' n j( v ) 

V T (\ IX) (y) 

" (Jx" (« + y) (o) . (y) -mr / /jc f " +r ' ) (y)x,- lx (JJI) ; £»,(, 




&L*oLj .* r (J-&3 


y*- Cvw .jJ ^jy lj yj i£py ^La^J J tX-iLXj* oUal^ j* &X* g)y<p jA J\ TV ~ X 

.jluL_> J J ij o J jj^JLo c^Uj^l o&T Jiii« ^jlaSU <o lj 

,Sj\^ y» C^-*J ju CuJlj i ** - xy-J Lu J-S" J^-A J5 (jLw*J 

Vx(VxV) = i V (V . V) - (V . V) v MO 

V.UxW=VxU.W (,_j) 

V X (V X V) = V (V. V) - V T v ( v ) 

V . (I V <£) = A vty + VA . \<t> (o) 

V T (A£) = A Vty + Y (VA). (yep) + <p V T A (o) 

V . (v X u) = (V X u) . V - u . (V x v ) (j-) 

L <5* JUA 5 L '< 1 .M . “ j l. 4j 4Ji*wlj b *S -LJjL v — b X X £! Y A ~~ t 

. C^J b y>- j jl oiLiXwjl 

div y = c (y) curl v = Y b (Jl) 

Lj 4_S* ..l.x. 5" j -LoL*j ^sa>-L*i ^jQS'iLkj Ij jjj y^* ^ ^ 

v j u ^Lajli^j j(p iJL_p (^Ij-j oJj caj oIjLp ji o-Li ^Uj^ljJ 

J-^ 

div (tp\) = (j> div v + v . grad <p (Jl) 
u x curl v + v x curl u = -(u . grad) v - (v . grad) u + grad (u . v) (J 

div (uxv) = v. curl u - u . curl v (y) 
curl fuxvj = (v . grad) u - (u . grad) v + u div v - v div u (o) 

curl (curl u) = grad (div u) - V Y u (J 


->*V. Xj jS I tJlJjlj^y d)l £-jL>- 4j W* (Jbjj Ij *5* jj-*Af^« < -^d F ^ 

<a5" JuJO (l)Ltj JuSl d)l ^la..j (5JJ Ij <J^”^ J 15 < *^ a gl j-* 


f X;/x/iS = (3y F (Jl) 
J V(x. x) . hdS — ‘r V M 





(jtj-f (jObJs uoxo cSLj & 



w — curl v ; A - A fxj <jl J Aw . ndS = J w . grad X dV (y) 

—*jb^—, e y j e,- ji 4—S' I [ e ; x ^ e ; , n ] dS = r K<5 z y (o) 

J s 

(. oLab^i 

. J^lS* Jin« ^jIISjUJ j lj Jjj Ojj^Xj ^14^- ^ U^tJb (j 

[ e z x x, e,, n ] = (e ; x x)(e y x h) 

^ijb 4_sC ^Uz-s l 4^jLtj 4 j^ 4_» ri - r 

^1^.0 fx) c^j\dx- Ojj^. 4 _; ^Lwx, jb^ 

(j) ^,A; = • 

uil^^ j x j ~ x j! x ^ oLij 6 jixi ^ijb <£Xi jb^, ^ rr - r 


*•* * T <v> *“’.. = ^-jf M x, - i-ftMO 


J a lSj ^- 1 jB jA ^\ y oLi; rr - r 


(A. a) . (B . b) = a . (\ T . B) . b Ml) 


b x a = | (B - B 7 ) . a , T ft, = e ijk B*, M 


a. A. b = b. A r . a ( v ) 


\y t-t jU-t-t oViU^ji y j ^u^jLj oUi ^ ^ o Jr = ^rr - r 
[Aa , Ab, Ac] = det os/[a ,b, c] Ml) 



O L*j * X 


A t . fAa x Ab) = det fa x b) ) 

. jcjL^jfa A j 3, b ; c jj 

*£ jjl^b ^^Jlp tp ~ ip (Xj) j (p — (p (Xj) j£\ T <0 ~T 

4 O jlS*l V 0 j^jLj (pj J ^ (p (pi ^y^ss^- LJj {_£ j I JlSb L»j 

. Jjl O—jJb jj j Ojbp b Jj^j jI^j ^P^P i b ^ — A ~ Y <bibc« 

f H’.^AS = f (4>,iH>,i + H>,ii) dV 

J s J V 

• J±J 4j ^jljlSbLoJ L Ij I 

J ^W'- n dS = j[ 0 rfS = J (V 0 . VV' + <t> vfy) dF 

4^ J-oSO jUj 4 ia— c j*l>t-<kJ5i .JLib^yi 4j U_i J ^J<_4 4^ 

f (W,i - V>0,J = f ((pip M - ip(p >H ) dV 

* S ‘'V 

jjj Ojj^4j jjiU* ^jfJiSbLoj 4j jLJt5* Jliuo j 

/ s (**"' ( l!r)‘ ls = / 


p % ^ fcv* f 4j uij 45* 







j iS **'*’ 1 

.JJj (ji:J lj jb Jjl <JU>J Sj £<k* <Jjj b J^b j3 3 ^ CT^^?’ 

^tJ j:> (tjiu ojJu)) lj ^ al^^u (jUk^ ^-£JlSb> a^ c~ib A^-y Jjb 

p'y ^-u-^r c^-jhU ^ji^b aSo (jljj a 5* -Lib UjtJl £*{ lS^J*>^ p"j - 4 iS^Jj^ W*-* ^ -^jS^s* 

UjjJ jijjjlS* jl Aff JLLl.bw.ft ^LgJ Uvul j 3 U jk ^jyi aS* ^j£^a aj^Sj ( j~j .Cm^1 

i-jLO jj-s<5 J-j ««ob j^-oJ ^$0 j5o jl aS' jj-^t ^^bk 

©.Li £p^j !***>- jj j JU.pl *lj>-l J^cijj ^j? ^ Jjl 

yijty J ^-pU- lS^J jb aL>^>* oi jl (j(js >aj j c~J 


jj j) /*• ^L»J kujjj b -X>-lj j^J) bj ^L*J bU5^j lj *oi*k Jll* 

{jjy J JU-pl I*—p- ^k* jl i^j^r (iJj ^ ^ bbiJ (ppo- 

• - jl ^jL^-l *j5^ b ^la«w jl ^L^juu u 5 *j>- ol b I A^JjI jl ^Isdl-3j+0 t JjIoJ^Ji 

(l)LiJ /• (JjbIjj ^UJ b Ujj-J ^1 .XJL^Jt Aj lJjj** lft£jl tj-j*b Jji-b 

^jU- yk l$JJ AS' ^UjjJ ,-U-J»b^« £<k* -b»-lj jJ j^J -U? (jljb j JJo^b 
l_ft^(Jbiljl jl AS' b (^*<b*j (_jk>l oJywu jk ^»-*«**- '^ ~ 

,JLwib^« ^1 jl LftJli* ^i>-b ^b .*< jljjul jj 

A-b>>b aS^/S* ^)a**» kujjJ oJui jj+apx* V cSljb ^ (_$^b« | » -w u ^ c (jj-^l 

p-wu>- jl ^l>b Akj P ,|*J J&> <JJwmiI 0 ^j5* Jbuil lj j*5 (^bki jli^. 

l^-Jb^j ,^jb j\Js \ - y Jki <Jjlk> o^l A m jl ^j>- a£ A V ^>o- aj jfi *j>" j* £31 j 

jLi \ (^*^7 <jl kuJjJ a£ C .*.« xl (_^^b« j! ^7^ 

^J(S!j> j\jt\ $j>~ jl jj a£ c.wjI t—jl ^iflJl>t4 

jj j ku-jj lj «. j>- ^ I kw^lo 


Pave 


A m 
A K 


0-1-r) 



■ (jb Js^&i o duw {^ 





V 


»-r Jics 

.e-Ji 5 aLa; jj A w ^ ^Ijb iSAV L V vu*^ ^>. j\ { ya±li 

P jJaia Sj Aj L j^ca- aS" J\s- j3 C~~J yj .As- L lj P adai* j* jl p ( jl&> J 


p = lim = dm 

AV-»° AK dF 


(y- \ -r) 


‘ cs^ 0- JJ aS"^ as-/ .c~J f/:g/m r j j^y^J jb-l j 

Ji> jl (N/m r ) Ja-lj tfljk Pi j (N/kg) f/jlSy yjj d~lj ^ bi 

•-'"■ivies'* A»Ljjl |*^j jjj aJjIk ,k»*/r ^Jl^s- 


pfe; = P; L> pb = p 


(r - > - r) 


O^lj (jL£j y j idjjy^AJ a 5"a. 


i jl (Jj-L* £jb JXj JI&- t AiJI 


p = p (Xi, t) L p = p (x, t) (T - \ -r) 

Jii*’ J^^dy* t^r { -£-t J*-k j* jSIj- 5 <Jaij As (^IaLa) jl Jjl yyt ^ 



cM 


dV 


y\ C^>£ *S V p*>t>- b S ^da-^ L$b^ B * j£ol-wu^k-fc 4 

^ jS"! j*> b ' 1 «»./jb* b i if**?*’ lS^A-Jj^ J fi IS jbr 5 *-' L r’*^- LS^Jjtj 

oLijl i_f*&* ;) JjJ^j—* P jl 5* <_Jl_» J-jiS” JLilj 5 Jj^la «tiaA> i_£j 

^uuJtj II J I C^mJ jJ 4j Ij <5" (_$jjJaj (^ y^y* ^b 4P*SUO jljlp4j 

Jb \a^y <5*jl A *S* d^b-** (_£ljb j**I* 4lag> •( i — aII Y — Y* (_j^-*^) 

/ C>uJ Jjl 45" 4j^^jbj& Ojbjly JLil J ^y II d* *Q> «<u,S 4j I Cv4.ui jl jl d*^>- <5* ^IaSsJ 

ji ^ydb yi y y*i\j y*i jJ 4^3 b JUl)l ^L»-b obj <*~J Y t 

A 4>wj» jj b J A S* <£jj j j*> Qjy bb \ yy**I ^jjll d***^ J^o-p 
oJ-ji o^Ij jbtj ^ Y - Y* *£ yjy^ 4 ^ P 4bg‘> y A Af/ 4»d< ub^o jfj 

J5w (♦—■>- L 5 5 *^ a *-' J^i y>&- iSbi) • v “~^ 

jt & 

a]oju j* t%i a5sj JLojj jbjj d*^*- Lojjj A Mj j & fi <5* j jjj 4^^J ,(d«d Y T 

• 4j ^* , * < ^ 4T » "> " *X^ 4^" «Xa5 " LpjI ^muw ^Jo f«> X «Jdi^ o ^ 

Jib ^>- t JLjLoj ^iL j^bi-b 4-lajij Oj^aj P <5" -US"^® J-w« ji-ua 


lim 

AS*- 


A -/i = JL = ,.A> 

A 5* d5* 


o - y- r> 


lim 

AS*- 


AM; 


A 5* 


i_ ~ 


(y- Y-r) 


4 .dw^L^y-^o f y ***£ j(\yy* d^LJj^l > b j wd j(^y» df j dS * — ^ jb 

L j5*jLwo j j uiJL>- ob^o jbjj 4d^lP *5"*^>* Y — Y — V 

4j Ij 0 ^Jj j5" C^>fci (_$b^ .JjLa^oJ ^ib J ytt flJdob l>-'>Ux^l 45* 

•f^LT* ‘ 0^-J 1 

d—I jlJjJ i_^j ^1 *5" >5^ 4 j (jiij J^ji L$bi J j fa) 0J»i jJkUi 

4^4^ jb--wJ .Jldb^o ly** (-Sb^ P 4jaA; 11 Jbo y jbjJ b ol y*Ji IzAS j 

.JJJ-*(_$-** jtj^bi- n Ja-uj jj jA 4 ijJ&y P <i oj6 jl *S you yy 

..5jb ^^>-J b <JL>sj |*-m*>* 4-^j L$b^ 0^ b -bj^ r/ nj jl^ jLj 

Ja-u^^j 4^ 4j^^jL<4-A 4lag) H ^ ^ (_5^jbl j ^J» 





JU^ o (£ ( j-* (jb Js^xkq cSL*St ffio 


L—«J jAJ Ijj AiHifl) JJ QWUW 4 C*.M< 1 D-LuJ 




P tlaJh jl Jjl j jL j (t_j) JLA j^a oLtj I j S * 


r-r j$n 

j\ L# -«<aj>.Li (cjjJI) 


A S* ft 


■>r 


»JaL*U W_-a j-Uj—. jj j J^P ^1 jt j;^ j y\i jl ,oloJ 1 

i j 4jL~*II c~wi C-J -k~,JJ- »Oi JUpl 

** ft^cr* ((J^ fJ- 3 <1>^U) Lj la>- oS"^ ojljjl J*pl jl i oj'jAjo .JLiL.^7 CuJ (iJj// 
l> 0—1 jjly. Ja^»v< L I*—»■ jXi jl y> j j OS’^>- ojljLjl Olj—ij ^Lj 






)"■" (Sy° ■ • i* 


l> JSLi o DlIj J-»l t// j/ ijUc*J ^ c—~5 O' y. Jjlj 

.(JuloJ l«T Cm^Jj ^ias» C-5ejlJjt jt T — ^ d ^> -->S oN^Laa ^1) 


r/" J dS + 

s / 


f t& dS + 
J s n 


\ v ^ dv -i;lr dv 

l v f‘ dv -iLr dV 


Mir - y -r) 


(ur- Y-r) 



r-rjcs 

fl,’ 4^o (JLa^j It i .1 y 0 1 . '■ i^uljytS f\S * fl ./? P 4 It fl'i j J /j ' y 


. X .. ~ . — ft II j I ^IftC-o-—i < —J J4j P'7/ jVj j eX^S jj~aK*A (^Lft^la.* 5// J^/ jl jJ 45 

- Li L; L r* C~<^j y> tjljJ ol-V v < J P ‘ UT*^ bi 0—?^* 
,jJjij oL t ^L^> JS' jl ol^-^^j Ij *$** ^1-^j«ft *$// j *$/ ^5*^ jta 

4->-jL_£j CJjj-mS>Aj ^IjJ jljJ^o Ij Ja>- ojljul J-^l 

jl^t jj.rfgT 


f f/^ dS + f P b, dV=-£ f pvj dV 

J $ v y ul J y 


(t - r - r) 



« V *^-o (j-f ^ (jb Js^Xkq cS*J (& 


* 


djIai*-J Y - Y - Y* 4-tal** jl j £<>->- j^o j5o LIj o>f - T - V j ^_iJi t - Y - T o'y jL*^o 

fjjL^II c. ^v .cvi ^Ijj a5* ^U- ^ in jjijj/ c ^»* >J jj JUjj a5uj I aj aj>- y L <*^£ 

jj j <JjLjc4 <i -LiL^® —n 



» - t - r) 


• <j-jJ S* t£jj J! £jj\ l5sj (_$jl>- $11 j $i j* j* oJ3? 

“^ J cs“* lT*-* ^ .-LiL j\J*y (P jl (j^j^ (^Ijj c5j^>*l 
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t fa> = t fa) ^ + t fa) ^ + ffa) ^ mi \ - r - r) 
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jZX Ji JjLajijL* j JjJ JlLuY -f 
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t UojI ji .j*j j ojtiiJ (jijj Jj^>i o.ijjl o—j iji^j i —«ij*j iibi 
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f W 5 = f 

* S J V 


•-Li .iAly>- ^ — Y — Y* 


/, 


fa,; • + pbi) dV = 
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tlyrl cgly jby x,- <£J y o-y j t ^yfjL^. jS'y. jly«y oLa^. Tjl_o 
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^ Y 


I ^Ijl n jj aS x^S P .ciw^l oJLtj ( j - a>« - jL 4 \ <jl j 3 *£ 

? jJlL -bl j-l£>- ]g> jJi ^*1 C7, ^ jljju .t^ = o 4 _>tjL^ ji ^jj ^yjtu .Jj)L cr Lj 


n = ^ (x e^ -e r - T ty) , = x MPa : £~t* 


6 c^j\ksi ^Iaaa) y> ^\j\^P aIsuS jl JLZ jj~ JL" f - f 




<' r c^ 4 * 5 


) °A 



-L J vS* 

• jJ.1 Jjj iS P ji (_$JJ (t—ill) 


n = | (e, + t e T + a 

J ^ji &} 0^ (v) 

(JLa y C^>- jA jlijJ AJiiya (<—j) 

JU y j\}y J {J LJ j\Ay y (^) 

VY/6A° (o)" ( v ) t (n; = V"U)o (y) t fnj = o e, + U e Y - r er Ml) : 2-4 


C*oL c5sj (J. a£ C—'I oJLJj Aj\j\ Gij — — O'Hjtlj Oj j.> ^ji-17 j j—-»L £ — T 

ji J dt S' ojljbl l ^ (jLjL) C.* < < * 

CLwjO ^_<o jl <_£jj { jtlu ojljjl jbtj ? - T 

.C—J Lb jjj Jl*Ai jLiJ (.JLJjL^a obsAl>«» 


tf"> tf e '> + tf* h) tf«> + tf*> tf* r) 










JW-T 


)oY 


Kl = 


ytc T + ite r Cc r -Cx T 

OCy o o 

- Cc Y 


j !jijj J^Uj 4 ( 


■ ji *£ ^jy, MO 


4jlL^JJ ji cjLio ( < *y J ) 



Ja_^> (J^_>- 3 j^JLwjfj (l)ijj-5 c^j ia— i^j pX^XyXy ^La jlXy -^T Ofjji 1 • ” t** 

( jiJu jta (_£lA4jjJ.JbloJLal CjJj (_£Iaj^?»w<» ^ c£^jj ^ 

.XtjS ^aaAJ JuiL f o (<._>) l H« (4—^oJ 1) (jljji 4j l^f^J jtj 




^UbJs u^o C-SLj ^Sus 



-0 W ^ 


K ]=7 '• -n -T MPa ( v ) [a', y 

U -Y 


] = o -x f MPa Ml) 


Jjj Jliul ja pXfaXy ^[kjy^ 4 j px yX'y 4liL jljji <. P 4Lfll ji | | - f 


.Xlmsl J 9 L 4 J tl 


[«.;]= — ' + V7 b 


a \ - VT ^ + vT 
+ VT b \ - vT 

> - vr \ + vr c 


pX^X^Xy L&J jj>* 4 4 1 I 


-i— J (jXu .X^S C—it jtjS C jb f Q o\ jz a£ 

(JO** tj J (7 y J oljNjt X^L RdPtt ' --*-j ' 


I 0 * ] = 


n + y VT 0 + VT -\ 


[<^] = -r 0 +Tr 


0 a-VT MPa:y(^ 

a -VT >\ - y VT 


jl ojLpfai i_.— p-jpx^XyXy (_jUj_j>k 4 4 , Lr j J ;l, 1 r - r 


[°ij] = 


V 




it" c 


)ol 


k^ypx^ i^Uj^ a, i^,px'jc W «»l oIjjj l^j.P '-' 1 

.JliioJui l—i)J-*J Jjj OJJ^p 4 _J 



^^Iaj fcXJjL^y* jbpjljj jJ aJo^ J*5 ^ {^JJ (<—^0 

. ^ a a (• t t I 

.jui^ ^tu &r j e T , e^ v*~^ b 1 J 1 > 1 

<u b x±£y_y*ai jtapjljj ^jj !j 0-*M) j* oJ -*l c^Jj (_r^ 3^ <-^1 j-* 1 (v) 

•-^j-^ iyt^ [ v'ij ] ^y* 

■ J l uS ^ ~ 0 “ T* ^J^bco ^.JL l ijjjl5^ C^j b (**7^) Ow/Jj (syO 



ur y? ut 
y> w r 
m r 


MPa ; ^w,L 


oJLi 4 jIj 1 Jjj Oj j^AjpX^X^Xy Ajjp^lA 4j C* 


^MPa 


y. o-ty^ ‘ p -Jai j3 ir - r 


^ cJU : [ a,y ] 



Y 


Y 

\ 


T 

? 

Y oJU : [ <Ty ] = 


Y 

\ 

o 

o -T 


\ 


Y 


oJ^’ L^b^ 

^JL,i>l <jZXi jobu (v-j i)i) 
<J La>\ ^SJJ c^4>- (*-j) 

: £-4 






Oi* "-ii-v-o iSL *(£,0 


cr ( r) = - Y MPa , cr (T) = y MPa , <r (1) = u MPa :) eJL- (,_A)l) 
a (t) = = ) MPa , ct 0) = t MPa : y oJU 

: \ oJU (^) 


n 0) = 


e, + e. 


n< T) = + *L ~ e T AW) — 1 o 


7 t ’ “ “ ±_ 7 r ' n = + t v 


: y oJU 


A«) _ e ' + Cr + <V A(T) _ 
v - , n - 


- e. + e. 


- <b - e r + y , 

V ? 


OjL_p ksi i_— *-j-> iP aL& jj ,_yLsi -L, <5" i r - r 


[<j] 


.j-iL jjj Oj^a P x \ x \Xr j ,_yLsl JUil _^l 


Kl = 


_ r 

7 


_ T 


fl YY 

a Yr 

_ r 

TT 

-1 

_ f 

5 


b [ CT y ] <&$ Ott~ ao-I j'y^rr j«tt > a r\ <l)f j-= aS" 

v r 

[ cry 1 = r V f ksi: ^ L 

. f Y 


jl o-l OjLc. ijJ, ^Ur-jl pXyXyXy ^Uj4j jUjMPd .Jj ^ ^j-oy-U 1 (J - f 





) ) ) C * r 



JLaa5" 

°m > °ll > °I ‘ i^’ 1 

( _ y U>l ( _ r ii; (^Ucu^- (v_j) 

< 7 7 = xv MPa, an = • MPa , am = - TV MPa (oil): t 
n 0) = - o/V^T e, + ./VAA e T + ■>/TVV ^ (o) 
n <T) = .,MTe, + */TVT e T + •/T*T ^ 
n (r> = ./U* e* + ./00^ e T - «/ATV ^ 

jl o-l ojU MPa v _—^s Px^XyX T <, o-~J ^ <■ P ^ ' ? ~ r 



i <4 c-_; oU» jJ .XloJ-iJ l yis^.b jfl jT jJ 4i" 

,cu*-»i jjj ^ 



.jl^ ij Ojjj jOj cjj;l b/b MPa j>\\yP jj j£\x*~ ^y cr^ O*-^* ^ 
Oj = v MPa y Ojjj = - t MPa ; 


jljl j_>3 la— pX^XyXy i 


j 4J2AJ 1 v 




-i—^-0 (jtj* (jLtbJs uftg <Sy>(SU 


a ij\ = 


P J* (_r*j lS^'—'+’t j ,_yL<»l jjali* (>_iJI) 

P jJ jiS"ljj- jljiu (,_>) 

• 3 ^- 1 i^‘ JL*^ 1 tr^" ^b-f ■‘-^ j> *^£~o y. ijlj n = n,e,- JU^ (,_,) 

a 0) = Y » <^(r) = ) ksi , a V) = -r fai (,_i)|) ; ^i 


n 0) = L?> + ^ £<’> - £ iOr> _ - e, + Y 

, n - e r , n-7=^ 


(O s )max = ± Y/£> *31 (_) 


n = JSJL 


J »J-i asIjI MPa J cr~ij^ J 5 '- 1 C^v^r-^r «■» c-_jP _,:> m_jI- U - r 


Y ft f> 


[ °ij 1 = V Y 

^ Y T 


uit~' J-iLo'/ - Y er// j o'/// = r MPa J\ .c^l .xu ^Ju^b q\ j3 <£ 

^j-^o jJ-iliu (^_aJI) 
b jlji» (^) 

a // c^ 1 cr^" (y) 

Oj = A MPa , Ojj = t MPa , a m = r MPa Ml) ; 

ft = . (,_;) 

*® = *i (V) 



nr 


cr-" ^ •' r 


iljl k^y ksi •~~^y jLi IpxjCiXr )y ~ *j ^Ujl j*j P j> oL- H - 1* 

.C-wjI oJLi 

1 

\ r 

Kl = r <\ 

0 ® \ A ^ 

P <y~^ (*—^0 

o s — x ksi jdtf = U ^ jl 4 j jLi*n* = /»,•£*• a 5 L JU^ (<-j) 

JLil 

(jj = \ A ksi, Of j = ) Y fcyi , Ojjj = f ksi (<—ajl) ; ^~ 4 » 


i* = 


e/ + V ~7 e T * + e,-* 
YV^T 


(^) 


. Aii5 * T - A - T aJ^U-o jl e^Ul*j! L (. Ij i3^ ^ ^ — V Ali~«* jl 6 J-«i O—<-b ^ ^ 

il-U-J j* A—S' i jL*iJ b n - f 










(£ Lib Jsl+Ou) CSL*(£q 


\ O-L-J Ajij! yj b* MPa i^^-yPX \XyXy LJjJ jL YY ~ T 


\ U 


[<*(/] = U 


61 4_5L JU^ 4 . SP y lSjj b J ^ cr^ji J JUy ^LaajiJ ^ (c_iJI) 


n = £ (? e, + r e T J 


^ V J.5 «^«jl 4j jy Ojjb l5vj Ij (cJji) Ji flJut C-wjJb AjyJu (ty) 

<_^***''Jj-* t ‘ —* ‘6 6-L-J <ob Obitj 

= U/-T MPa , a s = 6/TA MPa ; ^4 

.XoUj jjIoaJ; 4jljl jj cjjy*^ aS j^j oL, ^LacJU ^\ y b jy > ^U 0ji b YT - f 


(cJJl) [ Ojj ] = 


M [ <*n 1 = 


, 'V L ^ <6ii*^ b ^ cJU- y* y 

(^s)max = j G - (<y) (o$) max = (7, (<—ail) ; 

aX^j oib yj j-jjlU la^y O y 6 Lj ^Ujy^ 4 j i/y—i f f - f 

? -r 

[ °ij ] = -r ? o to 


jl cu-/l OjLp yU *x^*Xy* jy^» <u Ai'jijo jLli 



)) A 


(Jye<:r 




ksi 


JjjJ, ji Ij jA jy*A JYA° ojlxi Aj jl Uj^ <>J <5* 

.ju^^j^ y - <\ -r aLU. 

.C*jl 6 -Li Ajijl yj o jj*04jP Ji jL YO - r 


K1 = 


Y^ 


-YP 


fcyi 


Ij uJlyijI jjoU* ol50l J -Li* lji>* J Ij ^jI 

, _L> Loj 

5 / = TO /tf* , 5 // = f fcyi , 5 / 7 / = -Y^ ksi ; 

.c— j! oJui jL ^jJ Ojj-^aj ^^1 jjaU* cr^’ p 3 - f 


H = SjSii + SjjSjjj + SjjjSj 


J^lka ^ji^l ^5-ijj c $U (J iJJ oUjj^ J-5 cSW 1 * b d*' ^ “^ JSO 

.joiL^y* V - ^ © - X aJjU^» ji ojdl 

c^j^bci^ a-n-rjY-n-roM^ji e ^iA5iji c ii;rv-r 

.JL^ 

.:.,. •-•> MPa lmm>jj Jllj jj-lL“ ^Ia<uJ<, Jsu~ ^—?r ^ j ( ^ j* YA - f 

.c^wl oj—i ojIj jjj ( _ r o J :L« PX\X<fa 


^ -r VT 

-r \ - Vr 

v^T - V "7 t 


Kl = 





tsC* t SLj(£q 


) \? 


cV-^ 1 lT" cS^i^r L olj^A l> Ojji J On > °l L ^-e'' (>-j]l) 

IHa J I Iff ) 1(7 ^L&LL (c—>) 

JL-p! jl (5JJ 4i' c 5f4j> t A^ 4j JIaI^ JL>^ j ^Ijb- j\Si* (y) 

^j^Lio (o) 

o'T* J jl JLy L fly O-U 4^. yr j\> y (Oj) 

L. P£? jy~* -V ij^ie-L- o'jU ?«° ojUl <j * 5 " ^\ y Ij ^yU (^) 

.j_iL 4 ^ili oljji/WiXy^- olaiiu .o o ,. .j (_jjL_. ^Ujj 

°> = f MPa , On = y MPa , o m = -y MPa <\_iJI) ; ^_L 


n® = i. fe, - e T + VT ej 
n®= 

n f/ ® = *' + ^ 

VT 


^ f MPa , ll a = -y MPa , III, = _yy MPa (, 


-) 


(°j max = f MPa, n max = hjtJDjh zl±z£iLk ±UA , , 

y VT v >' 


5/ = y MPa , S n = . MPa , S„, = -y MPa (o) 


_ ? e,* + y e v *-y eT ./TT~ 

1 - jf -^ , o N = y , = y SL (^) 


K»l-^ 


-w + rVT -u-rVT 
-u + r V y rr- u VT -r 
-u - r VT -r rr + u VT 


MPa ( c ) 




1 )Y 


( J*** I: r tP ® 5 


[*»] = 


x, r x T 


x, o -x t t ; 


x, (\ -x r r ) 

1 (V - VCy) 


TX r 


JL ^xj^j 

.JuJjL c ^*b 6 Iju» J5" ji c—ii jlji JiUj o^U-a j£\ ^y^>- (_5jM l) 

P (a, -, Y V~a) jj ,>-=1 ciU^- ( v ) 

/* jj jlS’ljj- ,j£^ (*—0 

P ji ^La>\ (o) 


b\ — by — o f by — — T Xy / f) (L_iii) * £»uw Ls 

Of = a a , o n = a f Ojjj — - a (^) 

(°s)max = ± T/0 a (y) 

Sj = 1 L a , S n = -&. a , S/// = - (o) 


— £iqk£jpmfikm,qp *^bu* ^y<t>ij (JjLiu ^jj—Jb <1>M 3 1<7 y (M ^ 

jl .JLi(J jUcj oN^b*_a yu i_.ib^ ji a 5 * J-uA^ l)LL . 0 — ^1 

^jb \r- y 


^iqk^jpm 



** 



*« 

dpk 

<5™ 

K q 

&mk 


Jb jl^j lj ({_£ b) <L>tJu ol^jl cJlJjb^o d<7y / d(J mn —■ &jn S^S ri “I** 

^LaAjsJ^o 4j CJ****p L_9^j>xjI ^£Ju L^bb / ^/| ” ‘S'y 4^* (jb —-> 

. L_d|^>«jl ^tJu b Jao jA Ajjj jA b Q « ,«■**! jjj^J ^j£s»u 




c*£j JSiJ>j+Jv c csIjS t -f 

bjl? j UojLi t oLuU- J5bi j* Ij ^5 Jk pL+c>( al^j^j oJbjl^b jj 

fiy.Lf-" f'— oLj aS' cS Jj» 1 b 

Ij CZ*(j -3 4.5* *ly*-l jl {C^AS* JJ*>**» (jly^PAj ij ^ ^ J » /J <? * (^IjJ ,^m* & { jfA 

v 5 sj 1 »Uj 1 Jo 4 j u5o Ojj^b jijy JjU aS* y*<y* o-Lw«b ^ j£o i>& 
jJ ((oji)) Jj 4j^j—j ,*LiLi^-*» 5 ji -R, oA«j aI> v* ol^2**0 A-^-U 

4I2JLJ i_5\j LujLuj! ((ALu; j^u Ja*>fc» Oji)) lJo tCU—i (jjaa%Jb> ^j>- lJnj ^Ijb ijb.) Jb 

.CU^il oJui u-iLyfcj ( 1)1 ^Jl^>- aS*C^J 

» 

lj (l)Loj jl ^1 a!x>J jl C-j1j 1JL-a <^j Aj C** mJ ^ Cjlji L y»bj O-oti^o oUa^L4 

Ja-^j j-J £j-kja J-* tj -J t ^-^Lj J jjiaj aIx>J ji |t—^>- ^ JbwjJb* «—i>yj L>-*) Ua « /g l 

jb> y j Jal-Jjl 

x = k(X) (\-\-T) 


aS* y . ij jl*AT l-L^o Aj i ~ «-*..■ ■**■■> X oL*-k*3yo K. ^jby aS* 

jLj aS” ^i4-u^a ^y Aj ol»»< jI ^^-^Ju^*jiyj J ^JjIS -? y jjJaj Jab;jl yj 

AJL*iy y^Jj {j^j^**** *^y “^ly*" {_yi^ !o jp y^s> jjiaj t-Uilj 

x = ic"' fxj (Y — \ — T) 

. jjb jly x cyk*3yo ojS aS JcS^jA ^z^xJla j 

^a j-o__p cJL>- 4 Jli-« ^ 1 Ij-j tc^-ujl O^ 0 j++* »"* jl ^-UjjSv-o j-^*j 

jliKjl Ij Ju Jl>- ^ Jlo jSs-O a 5* ^1 y jljJ-^ J (Jl-Al»l O-^J O-L o p +*.C> Q (£qj m.1 Z 

b> drf-Ofcij—-« J^ oZ^I J^AJ J345 C ^-yk->- ysbi L Ojljjl J J (Olj-wsJ*J y* bl (.JSS^A 

<J Ub^wsjtj ^a b*; 'bf ^*ajla j b*^ I 0 j^J U-5 jia j I . Jl*m Ij ^ a j ^ j^ lo !j I 



&+*** JLiu^-o (y Ltb Js uuCko C SLj & 


c£j^ bL>-t b /J^-*^ b ®j!-bl j^*-> ''*?y* ^ -^by* (J^J |*-mx>- 

•^LT 4 ^ 

Aj AS* y±^*& <iS* Om(La(J j\ ^yL^) aJLjJ 4_^J -fi p>-i-u,5^ aSy> 

jU b b lt^- -^lt 4 t5^ &J* cji^ 

..> jf oL 

x = ic (X, t) (x- \ -?) 


,-Lfc.iy® •kiby# + °°(j— 00 jl 45" £ olia^j j»L*J Jj 0 j3 yb (_£ly lj X C~a3 y* a£ 
4JjU^> \a^ty oJX jlo C^Sy £j(j J* tSjr^J^-j Jb>- j* (^JHy^Lu yjiJ 

l> ol CuJjli J yX^yj^M lyj j Ai ? “ ' - * 

..ib jLij yj Ojy^4j jly { y 


X = ic ' (x, t) 


(?- ' -?) 


.O-fc^l o*X*i ^ilj ^ <*Ja>tJ X C»*i i t3y oji JC5"^« ^ya >tJx 45" 

<5 '■**-!J$t* <• Uai^Lfl t -U-ib^y yaU- fyfi* (jljb ^U^Jy^Sju jl 

l5Lh .t^-^ 4 ChJ 3' Uji5Uy~i-J y>l<J 45" tyliol !j gj>j4 

‘■^‘- J b oJl>- L^j l^Li ji a£ C U m^ 'i (_£jto -^y^y® O-* Jj>- 4j £_>-y> 45* j^aJLo 

t = ° A-la>J jj 45" yJU- 4 <U-/y ^AXjS^ 4 i—JlpS JUj»l ^L>x> ^>- 45" 

jl jl LTi ^ (jr’^r^ J j ^UcjI £>-y> <JJXj£Lj jl tJuS^ JU-jl 

Jl * . ^ l ^ J W’ 4-la>J j J 4^ C-<*^l jl 6> ^ AX j*\ aj .C^uxl jl L) Ja-J y> J yji 


*J y£ j-b jjA-j yaL>- JJ 4 j J jX»la Ij <>-y 41-A^jij £ ^^jJhLLo <Um( jj jb 

cu^l J y-*~* .|*J jb^« c*-l O-Li J-s»b- Jjl jl ^Xj^j *S ^WLjj <j ^yLl^l 

cb (*j - 5 cJU- j &x(x (J£z(jJXjSL* j (^*-y>) Jjl cJU- aS 

4C—--wj « ^jXjS ^UjyJlj j^jjl cu^-Lj y jUj 4 oj%»j .JLifllj^ dui L 

*sij ji DUj jl ji j* 

^Ijb UojLi jy>- Jjljj j*y^« jlj^>“ ^bi- oJbl 4UojLi 4^wl5bo jj 

(jr^J-* *-£ C^**»l ojLi k-Sb C£y (j ^*-^0 4 ^yfiyA y I jialixJ 4 4 _oj JCJb)) l5sj 





CZ*Sj£> J cSLw * f J*£x9 


.^jij Ij (ji-d-J Jj-J»^0 


^jLoS J iJlLo f - f 

jla_) jl IIj $ ij ^-Uj^jiiL J £jIj -U>- Ja-ujjJ a-Li o^b <^+0 y Cs^* 

^jj JU ^ — T Q*v*Y*r ^ oj 3 X CL*a$j*« jbjJ < 5 ” (^JJ-^ 

.-Lit) Ojj-m^ 

X = *(X) o - Y - T) 


O-Li djlj (jbij ^j^-ki jJ <5" 1^ ; Iy ; If ^lAjbjJ L**m^ jj X oJl>* J-i 

.JjS" l)Lj jj j 4JjL»l* Ja-u/jJ 


X = XaIa 


(T - T - T) 



1 -r JO 

X (j£ Ju-j^SLj j X £S»-Jj^aji-Li 6^j <_5 ^j C^*3 

cijj^- .-L-U^jr oji £i>j* O LaZ^q oli j! ^a*j L ^ jlo c b u>o lj^4 J 

^pU 1^—4^-jj 4^ jA <_£jj b oUfll>v4 LL-i jjjjj jl^lPAj 4^ ^_5jjJ 

.JeSjj_a Q«-o>-^) Ij ^ n A>L o i ^jlj^iLoJ ^l-fco-^plS o.5jj "LujIj o-L-j <jLu 

^ | 0 ^ <jl^lp 4 j Ij Ojj jA (X jbjJ C~j* 3 j^» C o l^ . x t 4 ^ 

jlIj oj3 jA 01 t^iLiCU ^U^JCjjSLt ^jLoJ j^ t 4-^-JO jj .JJjbj^o ( j^UoI>-l ojS ol 




&•**** -^>-^-0 ^ (jb ^ U >/X q cSLj) fi 2 o 


irr 


<J0J-* c JJ*—ls> (j^a^La X5*^o JUuJil ^JLLjj^u jJ a 5"X 0-o«ij» ia-uj 

.^jb ^^>-j fjXj [ JJb aS 1*^5^ 

*= ®-' (X) (r -Y-Y) 

.|*j jjT^^o Cwi-i) Y* “ ^ — Y aJ^La* Y* — Y — Y aJjLco ^jl j^j [>• L 

x =K [®-' (X, t)] -%(X, t) (f-Y-Y) 

^Lj Ja^o-L-i Ojlj £y+ajj £Jry> (_5XjjSw 4 j j»j (_$Uai jJ |».j y OS' j*- aS 

lj ^Tj* j-i X cu-Af^« L ^olj Y — Y — Y aJ^Ia* aS" c^il^ aj*- y Ju L 

O-Li ^ - Y JSs-i jJ aS Aj^£oI t £ <Ja>J jJ (_$jU- ^JJjjSCu jJ X -dai Aj Jbj^o 

j! lS j^ji Chc^XyXy ^jli 4 j c ^ mJ .c—* i 

X = Xfr (6 - Y - Y) 

O^j-^ *5 -U>- .X^oIj^ oji ^£<ai O Lx L cxq IjX/ ^UajLI jl j-> 4^ 

^3-!j Ul c O ^u J (^JjCw/I e-Lii Ij^-l ^ - Y j-i aS"^Ua5 j jU oLjaI>v« 

oV^Ia_^> jji Cwi ^Ijil ^1 jl ^Jj* j oj-£ j*Uiji ■* y -^*1.^>- 

°^ ^ olj^> iaii (J-iU oUx>^ aS* ^5^ JuS'U .JijIjJ J^>-j ^JLaj 

Aj .Sj£^y9 jl^3 J jy> L»» l^ai oUaI>v« j ^ 

• | w fc *-* , l 0^®J ^j-AX^.wa (J-iL d»>t .JLi AJLJjI^ jL^Jpl 
(JjII^UJ ^Sj L pJli oLoi^j jj ^UaJj^ Oj^aj jl y^ lj Y - Y - Y aJjU^ 

,by+J - ^* ^**^ l-> ^Ijl <-**-> lya"4 >i -a 

^ = Z/ ( x a >t) L x = X(X, 0 (? - Y - Y) 

•^^lT 4 tJj^'^* jij I—Aj oV ^Ia^> ^Jil y> AJU-^o ia«>v< L^-Jl5jo j J 





»rr 


jj> $ j u cSLj : f 


Jt; =JC|(X^, r) L X = x (X , 0 (V-Y-Y) 

£ j X jl O-wjI ^uiz j^jLu aJ^Ia* C^-^lj (x b 

. I 3* jj 4 J ojl <j£j yju 1 ^l j£jb Sr^ J* <1)1-*-* ^ 

'ftjiLf* ol jfi aj Ij ^ji jS^LoJ yl 

jU>-! Ij jA ^JCjjSLj L Ja-J jA 413 L L ya++ s a >*j jJ .>1-2-* ^ ^ 4 j>-jJ 

j^X y t>5 -^Lp" y^*j aI^U ^jj jUy*> ^ tAiS'^yj 

Ajljl jl oj3 y& (^|^j Ij jl«j jl <Ja>J jA oA*i (Jliuii x y^L3 l3 c-*-*a$ j-* ^ —* Y — Y aJjI*^o 
.- u£y ^ojjjJ ojj-^9 y«k b ^ = ^ j-> >^> oL«3 j- 3 ’-^y* 

X) =X(X,fJ (A-Y-Y) 

jlyPAj ^_Jlp 1 45* J^y l^L jxJ Ij 4-JjI ^JJj^SLj f - Y “ Y aLU^ <.t — o j3 t yU- J^Jaj 
L jIjlLo JpL>J jl <3uJj ( ^Lgs oUcai>va jj ^lij yl j tiJLwjl 0 Aifjj Jj £^ry* iS^ij^t 

t = o 4»ia>«J (^IjJ dJl^* j-*l y*J tjL*£j o A > /3“> c* 


X = X(X, .; = X (^ - Y - Y) 

4 j5j**J!-* cJL***»I X yL j 4 j*- 3 y. (ib* 3 *S ^ y*~ '/* (JJj b **~y 

■'jStj* b yj f ~ ’f " f 
/ = X(X i ’,r) 0*-Y-T) 


jljcul jJ »ji / c. 


.JlAJ^o y jbj jl ^*j1j jlj^P4j Ij ojJ jl y+~* Jz£> L y***Q a5" 
.c^-wjI oJLi u-Ajjjj c»-^5j>» olj-j-^iJ jy^j jly^^j 

x= / 


a ^3 ojIj X yj^r ( 3 ^^* j-^j^* ^ 1 ^ 3 ^a aj X jty** a 5 * x&s jLiu ^jt-i5jL<u jl jj a 5 " 







irr 

oi'c—l lSX> <ki ojIj jly 4 jjIXlsJ jJs. 4 ,c~J »xi Aiilj 

J5” c~£.j~ 0^4?° oljj^ 4 jlSwl ojIj j-o-c- cSj jj .-i4,j^> jLiJ lj *j c j 

• J '—Aij*j y~~ A <X jj- 0 *j lj |«.>... > - 


V = k = — = d JL(LjJl _ 3x rx, £) 

dr ar ar 


OY-Y-f) 


iZj jljA (jt 4 4jLX* j jiaj 


a = v = x = 


d r x 

dr r 



(\r-Y-Y) 


U ^ Y* Y Y A—jJ (jl (_£jL-a C^l •, r7~“ * r 4 ^jljSbU- Li OjJ jjh t_ jIt.* ^ ' 

jl J* x~ » lj cSjL^-I olS^>- -Xly^jX ( _5jl J i;l olji t <dl 

lT“<->L» j '-^i b L«a* Sj XJl yyb ji gjk <. 

jb j* Ucj! jj cJ6j>- ji jT j> Jjy» ‘Gi-bLo^ij cJLL»-) jxS’JUJiI 
J j p- 4 (_j^L.L-.».«i Jj jIIwmAi Xi»S j 3 t_s^iL m^J* j- 5 <S”(^lajj Jj y> 

J .jlai* & xLIt ? - Y - Y *h Lw Jj X gb Jib/j jiJU .Xl.^ ^L. U^JCjjSLj jjL. 
c—l jU <S't^l^xr_ r « y> aj Ij oL«j j U<ii «-> c~X oUiX* xL j xil <^yj 
.j.-ilj^ x <j*£*-* gb aj jLj i sj'5 L*j .JLib Axilj ax^ wl-i L jj aj 


X = X"' (x, t) 0 Y - Y - Y) 

b C^>- jb^ \ Y - Y - Y <JjLw 4 J* jl .Xiio^ b X oUjh <S" 

gry tjXoJLj jj c—lx _,j oj£\ ojj aS'Ij ^U- j |*jU~j b j b^Jy 

0-5JJ J*~0yy 4 xS"^ y *j L J \j yj £JW ^b l ^>- aS" ^yXL j J», ( ^i' 

xb x-jL aJjLa>8 aSx! ^b^ -C...J/ ^i^5”|3 ob -^j 





<Z*Sj£> $ {}$*** l f 


)T& 

.JlJL JlaI y>- Al^»y jij Cjjyjp4J *)1 yoJ*~* ^ y) 

J= I #- I (\t-i-V 

I | 

jj Oj j-^4j ( 3 ^^ y> ^J5w jJ f’ — Y — T 4-b^*-* C^j>* ) — r — f ci^° 

,Cwu)l oJ lJu <ob 

X, = X, + t% 
x T = X r + t% 

X r — Xy 

.jLil X (\ , X , \j jJ (ji'-V li' 0 ^ j?— 4 
.jLiU Otf f = X jxj 0ji oUj. _, o^j- ^U^iJ^. (<_0 
jl c—I OjLp *JjLwX (\ , X , W «ji <£ !y. (‘-^0 J 4 ” 

x, = \ + X t' , x T = X + t' , Xy = \ 

oJlk. >ji l _ r jcx r = \ _>*, - Xx T = -r Aao^ ^ <•* ^ ^ 

.xS'j* \lSjf X r = \ ^Sxjua C—lj Ja>- -S^_ <_SjJ 

JSLijJv^ 4 jC^^-^U0lJU*\r-X-X jH-X -T oMjU* J—jJ («-0 

jl JlUjLp 

v, = X^ T a> = X^ T 

V, = T (I, _> fl r = X x s 

v r = o a r = o 

^jjbr = Y <la>J ^ X f \ , T, N>) lSU j- 5 
Vj = A fl, = T 

v T = T j a t = X 

v r == o tf r = ° 





*^**$t± (S ^ cSLj(£o 



iJjjljfyJ (JjJjl (jLtx^L+ajjT - f 

u"'^y*~ ,_j^y^'>*_■" i_£j L tp B |»—>■ ^jSojji i_£j 

oT (try^y u_j*i uL * jUj j X ^Lj oU>« v^v; ‘ v ^j-< Ji« 

LS-^.J^-d 4_) (_JA1 jjSLj o-Li 4jljl ^jio L ££»_^o ciu-o^ji <Jkj 

<-»~7 (Sy’fjfU c * y-°> ; SljA« Ij OjJ. jLii-l t = o <da»J jj j 

oVjIc. 






VTY 

p=p(X A ,t) i p=p(x,t) Mh-r-?) 

j 

V; = v, (X x , t) L v = v(X,0 (v^-r-T) 

^1 Ji ■ x ^cr / ‘ ^ j l *j® y> t5bi L> Oi 1 Lf ;L *j 

0^ |*-5o t jLj J x ^.Lii oUa^. jl Cjjj^p *j V jp 

(Jjjjl C « ; ^ J- k~,y C~J Olijl cjr Juu 45" -Uj&l l ^^i® <k-*»y u£j k-ijJ 

\ - T - T 45" c~J jwilj t \ Y - Y - Y 4 LL* J& da* jl-LloJ-i jL 
.c~J y jlly,y syb-lji 1 y '-^y jj <y»'y- jU* jL -o Jjjy 

P = P (X, j = P [x - ' (x, t), t) = p* fx, <; Mix -r- y) 

j 

v = v(X, J =v[ X -' (x,t) ,t\=y* (x,t) (ut-r-T) 

^ r _- •■ U j: «~ “ yL^L- jl <-ihL« ( _ y *->ly 4^ Juilj^ O-S'b jjk^* 4 j kii ojL~< jl jj 45" 
oly jjbil JUjl JL- 4»jl ,_sjj 4^»-y cS®b» *-4w>y jj t ^jtJjlj 4^-y .^jloJ-i 
4 j ^ j£c^ 4 >- xS\j ^Lii <— L^ y j-> 4 S’ ( _ ? ]U- ji t ■>*—Jb>- y ■sy^* 

.Jjo^ £j Lai ji y>L- kUj Jj 45 "C —<1 

jl XJjU- (ij3l<-iw»y lj til4iJJ5L, jj ciy- O^IjL. ) — f - f J&> 

x, = X,e‘ + X r (e‘ - \) 
x T = JT, +X r (J-e*) 

Xr=X r 

(j~y (j oSy- ^1 (j_pjl i —L^»y 
4 k»J jj x r = A" r jX T = X T , x, = -Y, Oj^»4j j£jp- ^Ijj 45'o_ r i 4>-y Jo- 

,c—I o.Li j!~>-l y> (_gjly*4j 4Jjl (_5 Xjj$L 4S” t — ° 

lj Ijjl jjIj jljJ Jjl 4 JjI*_« _jj jJ-^r (jlji (j-^r jly^y ‘ c^j>- cSjlj^^ oMjL« ^-^L/ 

^ Jj>- ^c/itaL*-* jjl L * .JL “ . m4 * 





'Jt ^** *y±£ <£ (SZo 


)TA 

A", = x y e‘ + x r (e‘ - \) 

x i = *r + x r (e‘ - e‘) 

X r = x r 

J xxS i y^ |j v_jLi J tsUola^ I \ - x- f JL. clSj- ^1 y T — T — f <J&> 

.J-jLJ oLj j (_gla n— jj JJ jA jJ Ij 

b <S!y b^ '—**^*" \ Y - Y - T jJjLim Jx^jj os '-*ij*> j j>- oVjLx* jl 

v, = Af/ + X^e* 
v T = X r (e‘ + e‘) 

V r = o 

jl AijjLf. NY' — Y — T aJ^Lco jl j 

a, - (X, + * r J e' 

- e *) 

fly- = O 

c/^U-* t \ - Y - T Jli-* o-uT c— tJj £Xj' jtJb c/^Ijc* ^3 L ^ I^jLj 

c_$jJjl 

v \ = -*V a ) = x^ + Xy 

v Y = x r (e* + e*) j fl Y = x r (e* - e*) 

v r = ° fl r = o 

l)L£*o i j ~Ju fjlJL* Y — Y 

(il• j 3o^ l5 * oJlaLLo \ - T Jiw jl Ai'Aj^jUjb 

u = x-X (N -?-?) 





m 

^Ij-j <kjJj j.C~J <li/ jly ^jU- c£Xjj£u a_, £=rp ^XjjSLj jl j^p JU jJ 
^j/ju—o i Ij cLaS"^_j>- L_j j aS" d~J mL^o <w^ 1 p! t-u5^« oiji 

jl L5 Sb aj ^l4iJ yA J5w ij u jl-i y ol y^ ^ p—-r O&yzt** 

.C—i y y^j (JjLaa iJIjjL s> 

n = ufii = uJl a (Y - T - T) 

(jjU Jiw jj !j \ - T - T oJjU^ jly,_y ^.Lai j <jjL* (jU'- j . vg ^; o c-jLc- l> t “j'A-*-; 

u (x, t) = x (x, t) -x Mir-'f-’O 

.5jS' j**j*JL) l.» /8 ^ J*> Id 

u(x,0 = x - X (x, f) (^r-T-T) 


iJCif£jj-£ x jl aS* (jlojj (jl y .alii JLfcl^p- (jUj“! aS' L i^ gjf Ij Jjl aJ^U^ 

b ajIjI oJLi ^51 j jl cx>J x jj oyi'l^ oji aS'Ij aJ^U^ j 

JJLl^u* jj ^1 jl j cJLAj^yj 1 >Lj jl Aj Ij Uo** 3^p JaA3 oUali^o A^jj 1 

^lj_J £JI j$^L>- k_jj jJfcJ J>0 jljlPAj Ij jl£b> J^pj olj^pj ^ybij £jJ jljj^ tvl^l <L)l«j jl 

t ^ Ci /jk -> J 


= ^ f x X) __ dx = ^ ^ ^ \ 

dr dt dt 

^_jb j^ \ — Y* — T jb- 4 j-a oJui> ojLil d5^p- ^Ijj Ij jl*’^^° I " 1^ “ f 

.JUjjl C-iJj ^ L/aS j ^Ju^py 

^j jb L^os^Jla c \ — V — T Jli* clSj^ jl 

JC, = + J^ r (4 - \) 

JC Y =Z Y +X r (4-e mt ) 

Xr =X r 


.JJaOJ A_a^a»L?t>J L o.>j.A Ij (^^b« jJ (jl^«j*pj jl*Xp (jl^J 





)r° 

M, = X, -X, = (X, + Z r j(c' - 
u r = x r - Z T = X r ('e' - e"') 

Uy ~~ Xy — = ° 


J*i <-\ ~ r - T jli* oYil~. jl .olc,l l 


X, = x s e f + Xy (e* - \) 
X r = x r + Xy (e f - e'j 
X r = x r 


, Jj I —« Jj /Cl^JlJ 4^0 LSLji 




u, = (X, + x^O -e’O 

w T =Xr 

u r = o 


&- r 

jJ lj 41**^ Ja*^» <-£o L l 5 ^o j*3 <j-pIj>- AjjS* yb iC^uJ ^jjl jj 

.iLfc—> Lj Ij jl xiL l (^jLj-Ip c**J o-ws>L>- ^1 j^>- ^laJ 

cS^L© K-Ju+atjj jj C-jI 4^J I v-Sj-i L P^y ... 

p ij - = P|> - (X, rj Mi \ - 6 - T) 

^Ljai L-iw^JJ Jj L 

P/> = P/> (x, t) (<_» \ -6 - T) 

^ ci^ M ^ jl ^-*1 { j^l>* <^j 6) <Jl£o .->j-i oLj 

^ j^H.1 b JM* jri^ • *-*■*■*'-W 5 ^ 0 jl (j^o L ^_5L) olj3 <& 

CjIj3 0Jj_? Lj 0j3 Lj /^a-4i j ol^fc jkL Ja^jj ••• ^ fjS^jj-uaJ 

jl5o ^pU JI*L« (^IjJ b ^JJ 4-laij jjlj jly L <2 / jjjljji .-ij-i c 5j/ol^l 




C *$)£> 2 cSLj ( q )P 


,JCJLu*jb (jjlo oUi*Lo JJ y o-bi 3 ( 

jjW* ^.$L« JZJLo O^Ji Ajlji (—ill ^ — & ~ T ^ 


j c-*j-* aS' ±y> <?ry t f J -J J .Lr 4 

]p v_LtfjJ J jP <> - cT 5 -* 

1 jl«j 4j C.».».<. W . > j>" y£+* L)b»-fc o^l^*» 


A [Pi .... (x,<)]= |[Py... fx,o] 


(x-a-x) 


4_, .V ■ ■■■ , ; J ttr.^A 1 | _..,.^ . J i Lu X oUali^ tj-i O^b ^ 4 jj£jL^ o^- 

.)i o.>b \ - 6 - T 4-bl*-* J*_l? (^.bAs J-> Py — (_^J Jtz*-* <^3 

j ^ j* oW c~*sy> J*»jy* °L>* **y+*y *£ *\* 

.Sjj jl^J [j l£jS -b L 

Ij juil^ JU;I x c~«i<^1I/, ij-al j>- ji *£b c~w Jjl «l^=r ‘ ^Oi' j 3 
C~*i y ol^Ju" jl J~*U- fjJ “1*^- *i ^ 

- X - X ^JjIjw Ja-^j D y .c~J o( t-** ^ '-b^*'* J - Li b ( ^ 4 ^ °b i 
b f - a - X o yy '-ky v = dx / dt (L. v k = dx k / dt) Oj^aj c^-. \ X 

.o-i_jj tiyy {j i-M 


A [ p..... (x, f) ] = |- [ Py ... (X, t)) + -£- [ p^.... (X, t)} v k (X - 6 - X) 
.J y>^y 3?LU-uj1 <LX~ o y jJ o-Ui jlo (J^. C5 J ^° (3^° 3^ ^ 


A = ±+v t -^- L |- = A + V .v ;c 

df af to k ’ dt dt 


(o-a-x) 


jj .juiL^ ^yl, ; .l»f...< |*jli oU<ij>«^ ^b; & & X ^JjL*^ JjI 

ya^ui^del jy\j\ Jj o-i^ y_j J cJ-ib^ ^i- 5 ^ cSjl^Ui Oj^aj aS'^U- 

.c^~al ^yjLai aj c,»....j ^y'y iSx£ ^ 





cS ^ o cSLj & 


)rr 


jii cS* 4 -^L (S^y c-5*^^ c& ) — <J _ f Jtc 


*1 — A^e , x r — , x r = A^ + X r (e* - >) 


yj Ojj^s>4j ^jLai Jj Ojljp* *L>-Jj jljL^ 

T = e* fa - Tx t + rx r J 

^>-jj o\x^dT / df ^L Ji*L« oT jl ojLi*J L .~l^!j Lai J5L, jj oIjl^ 

. x*lS> 4 - * m j L>«>j Ij QjI ^>- 

jj .J-iiL^o ^•j a ^5-Cj^Ss-j jl^xp4j 4 -J jl a5" c. ."iIj ^>~y JbL IjJjk-o b»ul jj 

i^U-iAJ^.. uyi «j_^ jl£j Y - 6 - Y 4LU. .iyi,^ ^b *\ - Y - Y 4 Lbw <>«_i 

•- L! j- i <_y 4 Oj_^> (jj-b (^ly. cgjU J5Li jjotj- 


v, = - A>' ( , v T = Af/ , v r = - Af T <r' 

.JjT C wiij b ^ So^y ,^y> L>.j.ti>u.<i lj y*- ^ ■•-«-1» 

= x,e' , X y = x T e' , Af r = x r - x T fe-’" - e'j 
• J >“'i_j' 4 jl ^Uas ^UkuJ^ t C^e-j^i Jailjj jj <_Sjl.i£j U- !■> a 5 " 

v, = - X, , v T = x T , v r = — x y e- v 


Y - 6 - Y < 1 ^ 1 *^. jl «jliL-l b (jj.La* JSLi _,j IjdT / df jlj_^| t^jl^bj 
dT 

— = - e' (x, - Y x T + r x r j -x,e' - Y x T e' - Y'x T e' r< 


>«^i> jj o5^>- ^Lai oV^L« ji <oLLJ L J5L. aj Jj jlj Jjli *£ 



<z£j& ^ ciL (^umn * f 


)rr 


= -yXte-'*-rXy (r e^-e'j-rXye* 

at 

^-Jbl y>-^y> aS C~J Jcil<jU;l aS iS* j^. L~~J j i^JU- CvJWJj 

jj jISLj^^aJ jiju» (_£ jj T — D — Y j jjjlS* L U<a3 J5 Lj j j lj c^p j-uj 

• jj 4J!^J ! j) J J (J Lo , yj Lo I I 1 ■/?^ 

ijjjlS* b JbloJui C— Jb ^ - A - T JL 4 j* *5* ij CUPj-uj Lai ^L-LjT ~ ^3 — f Jtb) 
o » pLu>< ^J d*S^^* ^1 { y Las OT ■“ Ci T aJjLa* 

.-L*i5" \j <JL* oLj^ 

oJui ojLil <iSj>- jl ol y {t j A LLL*i* Ij (_^^L Ji^i j-i o^ 4 y* 

.^ ycy~> j**AJ ^ & Y iJL« 

«*, = = x, 

“r =*r -*y =^T (e‘-\) 

u r = x r -X r = Z T (e‘ - \) 

\ — Ci — Y 9.. L j > « X = 5C (x , t) ^« oV^L *—a jl ojLai _wJ l_> 

•pjjjl^^ 4 Ll*-MiJj Ij LaS ^LjlSL 


u, =x, (\ - e‘) 

Uy = Xf (\ - e ) 
u r =x r (e- u -e‘) 

T - 6 — Y <J^Ia- 4 Py ... U} ^jliSbL- Ij c^jI^jL 
v - ^ w * _ dUi dUi 

V ‘ ~ dt ~ dt Vk dx k 


(jji jlSLj^s A) jl ^J Ij ^jxmJ 




fC /y> d -citci CSj' ■»(Sa 


v, = - jc^' + v, 0 - e'j 

v T = jc r e"' + v r (\ - e‘) 

v r = -* Y (Y e“ Y ' - e‘) + v T ('e‘ T< - e‘) 


)rr 


lj aJjUco i_JjJ 9 ji y* ji j^>3jja yM (_^ljli oVjI*^> <£• y*£y» i-£j *£ 

<iajlj O-djjl C~»JU {^Ijj (jbj^Jb Jbb O^-ib-a AS’y^i* y\ t^yiSj^iaj .JUbJ^a 
.JJJ-^b- L>L-af ^-*1^ JtS- t cJU- (JjJ I j3 .Ju y£ C-e-J— 

V, = - *, , v T = jc t , V r = — x r e~ u 

.xi^ Xulj lj ^ — & — T a5" 

«d^<p>ipb4 La ijL)^ fjSp — ^ 

lj y& j ^Xjj^Lo jj Aj ij t J-Jl^ jj 

aJ jl (^2 +»jl Lgj &s$U {JSL *^ jlx^ JvL i. ^ a 5*^s^L>- aJLj^ ^Ijj 

£)f y*S>*J oUj Aj AJL^mjIj ^Xj t^U ^1 .fjjjtf^ jLS* o.}jjT C~**»X 

.Jb t^yoj^ jlj Oj j-j?Aj f — T — T aJ^Ijc* jJ cCXmX 


^ = Xi (V \i x=X(X) 


0 - f - T) 


Xijb A^3Laj ^Xu ^£0 jl Q j JpLdJ j J aS" 

O^jOj_^» jbj__) ia-ojjJ T ~ T ^J5w JjjlL^o P Aj cx~X> (2 b 


Jo ji Aj Ojb J 

J a5" J* 

,3yi (jb> jij (_^b"jl_yb.> 


dX = 


(T-P-T) 


jl Q< ■ *! cJjb&dX ojljjl XJ^y 


{dXf =dX.dX = dX A dX A 


or-f-T) 




c Iq** . *m ' f (Jjt'&s 



.P jP JsUj ( yo 0—1 (Sj^ji ^ <j!5L<>^-*, 
Q j P j«5 olj31 \ — p — T aJjL*— o ^ jj o-L— 

jtajj a 5" ^l-OjSo JczS^t J5s —q jp -*-$ 

.C~J O^ Jj L^l 


dx = dx^ 


.Jui JlaI (jl , 


(dx/ = dx. dx = <&; dx* 


L ^ \ - P - T *1 *\-**Xi (S^iu^ c 


dx, = -&- ax A 


5y+*> A—uj^J Oj ( 


dx,. = -^-d^ 

dA^ 




•^v4 — ^iA 


)jy 

(A-?-?) 

F (J£z ; q L_, j( jS<. <oLua jjb L j±*ju qLjIjS lj 

^1 .•Lib X Aj AI***jIj ^ j+0 jjJaj 0-^1 a5**L5^o lj X jj j-wJtJ 

o^°—^ b tJ-j»Lj X jl F j-^ 1 .x*olj^_*« lj j *.Ju cJU- 

. jjj^/^o ^aUp Ojj-^ jj jl jj v - ? - f aJ^L*^ <, ^jUj ^jIJ i5!iUj jj 


dx = F. dX L dx = FdX (<*-?-?) 

v-Jj-^ aLU-« jJ c5[^-| v-Ji-l Alaij l)LXj (*J-> aLU* a5* Aj^ uloJfe (,l)T Jj a5* 

^ ^p'^ur* c X l$*^ j .lA aj lSJj °*^ JU^-I -Wb-i *Ajo jl 


.^jb F ' ^jSbt>» aj>«*iJ j j> c 


^4 = X A ,fai lj dx = F"' . dx (\ o - ? - f) 

b °jl-^l j<• L* j olS^ jj 

C* lx*j—Q Jj Jj j+^x .J ^Ll* jJ a5* Ij <jbl jl I-AHjI jlji ojIalJ 

^ <a ^ tA * w4 J- 5 j F j-> £*lj olji ^ C-iL^» 


(dxy - (dX? = dx^Ci-dX A dX A 


l a . j Oj j-^aAj Jul jj d/iB j&[ ^ c^U- ^jII^jU- j V - ? - Y aJj> 1** jl a5* 


f^) r - W T = (x iA dX A )(x iiB dX B ) - d AB dX A dX B 


.JjL 


— ( X iA X i,B - &Ab) d%A dX B 


= (Cab- d as) dX A dX B 


(U -?-T) 



(Z*S^ cSuw ( qJ»■*■■>!»» * f 


)TY 


C AB = *I >1 x i,B k c = F . F 


cjjLii^o >1: (jl jj a5” 

OY-F-?) 


^AB tfjjl &* jy*M L Ij 

V -Eab = Q45 ~ ^45 ^ T E = C - I (\ T - f - T) 


Z^-i»jj 0 oJui jjc« oL-jjL>«-« j.5 ^IjJ jJ jt j-5 aS^ 


(dx)'-(dX)' = Y E AB dX A dX B = dX. Y E. dX (\T - ^ - T) 


.Jj-Jj ojL Jxw-j AjUL« jl> 4 j ^JcL* u**>j * 0-1 jSlw. (dx)' - (dX) r OjU- 


f^ T - (dX) T = Ay ^ *5 - (*4« dxd&Aj dXj) 


= (&ij-X Aii X AJ ) dXidXj 

= (Ay ~Cq) dX; dXj (\&-? - Y) 


OjIaI^o jl Jj aS* 


Cij=X Aii X AJ U c = fF-'/.rO 


(\?-?-T) 


I*JC 0 fjftm* ^ J » (rf ^-T>X. ^ . V ji* JSLj^jL J^MW 6 Ij 

T e i} = (dij-Cij) L Ye = (I-c) (W-f-T) 

0^1 jJ 


(dt) T - (dX ) 1 = Y e ; y dx t dxj — dx. Y e . dx 


(U-P-T) 




JL * ^ o Ltb ixy>vo cSuL iSZo 


VTA 

jl a5* Aj^£jLo-A t A_J^Iajj^aJIj 6? z y j E A ft jj^aJIj jb jjb AJlJI 

0 -La L«. Z u^ 

Aj -La J ^^0 V—*« > aS" d"X. J d"X. 1 ^Jw»»fau J I^Aj J j IJ ^ b ^A I 

^ly- \r - f - f j\ Y - ? - ? oVibw j <\ - p - f <Ll>« jl dx (,) jdx 0> 

.C L J*b 

dx (U . dx (Y) = F . rfX 0) . F . JX (Y) = JX 0) . F r . F . JX (Y) 

= dX 0> . C . <iX (Y) = <*X 0) . (I+TEj. <iX (Y) 

= dX ( '\ dX (Y) + <*X 0) . Y E. <2X (Y) 0<\-?-Y) 

a5*-uS^ oLj! ^ ? — Y aJjL*^> (-Lil> ajJ^Iju ( jiojS*) -Lib * E £\ 

lj^X (U = dX^^ — dX jl y^ ] -UjL»^> OjJj *lj>-l ^Lj jJp 

Ajjlj dx 0> . ^X (Y) = ^ (U ^ (Y) CO5 0 l_Aji^*: JbJ jl = (<2X) T 4 ^*Sj Jj JjS'^Udl 

JaA3 .-bL» -XaI^*- ^$b j ^aj O^Lj *js^ ^A 

.-Lsi^» (jliri iw J Lu? 

j MT - ? — Y oV-sIa* ia —jj a-Li jLj j £ ^Iajj^jIj 

lj ^IAjj**jIj £yi! .Jblft-Li Ajljl ^.sAlfl-O J ~JL ^IaoIj^Ij^ wwa>-jJ ^ V — ^ — Y 

I—j .^b Ajcmj^J (jjLib (jL* W-r-V. jbj^A jljJ^* 

jb ^Jj-L b jIjLuj! j (jLoj jl JlA1m*^» Jiw v — Y — Y aJ^Iao 

jl d*. *«l LJjLaA UJlws^jJ C^Ia^J^« (^jljl^jLo-J 

Ui (X A ) = ^ (XJ -X z Ml Yo - f - Y) 


^>ljJ Lua3 ^— O . K . ^pjj jb j 


^ fe) = X A -X A (Xi) ( v Yo - f - Y) 


.JuiJiAly- >r-^ - Y JjU-c JjIaLIao jl 




C.S2 ciurf to « t ill t f 


in 


Y £^8 = XiA X i,B ~ d AB = ( u iA + <WKb + <W - 




aS” 


Y Eab = «^,B + u BA + u iA u iB (Y \ - f - Y) 

4_>wj W — p — Y aJjIa* t ^jl j 
Y £,y <^y ~ ^4,* ^Clj ~ (^Ai ~ MA y i) Aj ~ ^ A,j) 


.JuL^ ^i**^ aS" 


Y e # = Ujj + u j}i - u A>i u AJ 


(YY-f- T) 


aS” ^ x Y = Jf T + , JCy = X r + kX y ojL, ,jj J£A^Ju ) _ ^ — f 

.j{JL o-pi ^J^A ^JjIL-o dL Jj*j 4j iSs?j£ i_vJtSs^a aj cd««.ji cl*j1j l^j k (j^ 

(_£b&jia g Ij (dx)^ — (Vi^Q* cjjUj j jl A & ij L_otSLo AifL ( JSAij r -~J*J 

. JuA* iwJtSv4 OG j 5 //, AL G 

» * 
oljj j JuL®^_® I—^ Ij—® *S ®JiaLL« (_gJCj ( ji*jij aJjI**® ji L*JLl*u^ 

, b (dL , dL ,kdL) , a (dL , O, O) J»U3 o^joH jG, B, A LJL»I 

jj iJj U«®U-/i (dL , ML , dL) j g [dL , (\ + k) dL , (\ + k) dL ] 

^ 1— u ® j tJCjL®^® ^$L> Laaa»L^ oL^®-a Ij (_£Laap«jL*» jj Olji 

^Jj J-*J J^A JjU a^o cibgh ^-UJI aj ABGH 

jLo! aS i jA^j-4 oJLaLLo t A - ? - T aJjU^o J ^JCj^jAa] jl 


[^] = 


\ 

k 


k 

\ 





Ju ^ O Lib JcUaj^vQ CSLj» a 








iby4G j]ai (_$Ijj t jJ (*fc) T - f^0 T — - T E . cfX t 


(dx? - (dX)' = [o ,dL,dL] 


o o o 


k? Y k dL 

Y k k' dL 


= Ulk + k')(dL)' 


BH >S ^y 


o o o 


(<ic) T - (dX) T = [o, - dL, dL] 


k y Y k 
Y k k' 


= Y (- Y £ + k?)(dL? 


OG )ai ^\y 


o o o 


(dt) T - (dX? = [dL , dL , dL] 


k? Y k 
Y k fc T 


= Y (Y A: + k'')(dL)'' 


j-il cSLj-d «**-! *-•■ u - #> 3 1 


.j £ a^^La*** ojLrf \j&*t** * 


>_5o>-^5" jL~~> ^ j&V - f 

tJC-iL ^5^*jS" ^^Li- 6^JL; ^U-uJ^* fU? &S* ./l 

^ .-* j j ,^5" *j^a LaoLoI £ * y*~ L> 4**(j ji Lac* ■ * £ (y_ ^ ^y^ -J J .j y* 3^ 3)^ 

^ yj O,.^ YY-P-TjT\-?-T 





(j(A J s^O .0 (SLj(£> 


)fr 


V EaB - U A,B + U BA 


0 -V-Y) 


Y e y = By + u j,i 


Or-v-T) 


-'O'* .JI—ilj^i (_S^Jjl j (jijjS" 4j i_i_ji_^Jjl-o iajljj ^1 

cSj'— 4_*J jAj oL^-* 4_; jl 


aM; _ 3u ; ofe^ _ dUj / dUfr , 

aXi a** aac< “ a«* \ aa^ ^ 


\ _ 3m,- 

/ 3c* 


'fc4 


Or- v- y) 


jl L <—oJI Y « - ? - Y <hu* jl I yuj \j i£ |j yj <Llj U^jI ja *s 

4CU**il a_L*l b (jb^l £ 


_*fc_ _ JUt_ + A 

ax. ax, w 


a5'c-^J j*^. t tslftolijl/cJU- <j\y (_sjL- VV (jib 1 b (yJjjL 

ui* j* • J - i ^. L r* k ipb. oL*^* 4j c~—j jl5L« >Jis «; ^La-u! y, ^ySj^^y U 

uS^j-S" Mjjkj tglj-. lj <_bU_4 olSU-jj-iJ ^UjLoljf ol 4 oISjuj 

“4/ -> U 4B ^ oLi: b'y^ -oU- ,ib oLiJ «y 1 Ojj^ 

-5 ' — V — T oVilw jl 4 l£jb* yjyj <^y> (jL»A 45" iyii^y <>t-y Ujf j! .>*.?...a JiLw 

Y-V-f 

Eab ** eij &iA djB (Y-V-f) 


jUj jT tgljj <i" t2>^5’ jL»~ Sj Jj_,k; j 

■ i3 j$ty tjj*-" J-'-> Cj -)J^’ A j . e ij 


v „ _ 3U; s _J_ dUj X dlli , du ; 

T£ »- Hi 4 -* + Mi 6 “ = + *;-“« + % W-V-T) 


A-J-S' C J-aI_ 4^A jl J (Jjl-41* ^lj J €ij ) EaB J^*4*j1j 0^^ 

wUjU L^p b j (i^LL t Jl*o >I ^uJILl« 




C Z*Sy 1 “ 1 * 



lie = 1 (£ii£jj - £ij£ji) = £fill + £ II s III + £ III s I (yV-V-f) 
III £ = £ ijk £ u s v £ rk = £fi]f£ui (y V - V - T) 

jar** 1 tSb^ c <_51»4 a!_j^ 

OLj j-jJ «-L-i ^L^al J_£-i jj b \ T - f - T t 

•|^y 

(dx) T - (d*) T = Y £ij dXi dXj = dX. Ye. dX (A - V - T) 

.c~uib (*yl_p- y~ij ji j <_SSr^? jl 

dx - dX dx + dX = „ dZ, dX, 
dX dX ij dX dX 

y£ j*.J l J j dX j-5 dX[ / dX .A/,* L«l 

4j>yj i (dx + dX) / dY ~ T o*x* 

= £( yv^ = N. 8. N 


fl-V-T) 




(j~****(J} ( ^ u Xk q cSLj & 


Iff 

\ri" l$U l5^' *^'j j- 5 aaI^^a; j>^ aJjU^ y^>- c^w ^sAp c^~J 

ojb ^jAjUjC^j \j j O-ojI JU y ijr^jfi b. lA*^AA b^* N JAl^>l jJ £»\j 

olSiT t aAL N = I 1 L ?*i j\~*-\X s jj N t Jti* .jj-A^o 

c (ii; = I/* b . i 7 = e n 


" A A A /V 

U~i '-A'ur^ C^-A-j ffr j £ YY JUjJ ^U^Aj^N = I r L N = I Y ^1 jj tjl4 j 

cS^lAA 4 <A->LaI>^ L$Uj y>^ JAi^i jS jL*j) l5U-^^jAJ^J j~Jb <_£^kf j^Lp 

.au5*^o (jLu Ij JUjj 

jLa^j jj^j\j <Jj}a3 jJ* j+0 Up J-^P ^ OA^j 

^ x * * J^ x * > ^ a5*IjP c^a3j^ jjdX (T> jdX iU Jl*^j !yui ^Ujta^ 

.c~Sjj ji j b ^ ^ - f ~ ? <kl** ccJU- jj .(Kja^x* a^ 1 a- 5 AjI ^ 

dx°\ dx (r) = dX ( °. dX { ' ) + dX 0> . T e . dX (T) (\. - V - T) 

o&lc^vU^! /iASb^^b dX {r) jdX { " J\ 

dx ( °. dx (T) = dx { ^ dx^ ) cos 6 = dX 0) . T e . dX (T) (\ \ - y - T) 


J-^I OjA-S*! .AAL^j—« f ~ T J-£j£ JjUa-4 41$ l_> J5 w^jAj (^Ujb^ <j jlj 0 oT j$ aS* 

b ) jdX^ ) { j 1r j ^Lk <ujI$ Ajjlj <Sj>^ c*(j++x zy aj jlj oj-A jLi>-1 6 — 1L - y 

u~i lt 4 * °a I jj1 


cos 0 = cos 



= sin y ~ y 


o*j-* Cri^Jp. ^jS jU-au ^Uj5Ui ^ ^ y6^> 

.A^ dx (T) - dX {y) jdx { ' } - <*X ( '> ^ 

rfX^* dX a a 

yssco,y0 = "^r- Ye - "^"~ N (')- Y e - N (’> O^f-v-f) 




CZS2 cSLj .* f’ 



r-r Jtii 

j*bp , ap oUUi ^0 ^jlj JjJlj , AP oUki yo *c^li a^Ij 

.J y^t AliL> . 1 ^ 


A. A A A ^ 

^1 y- c~*Ju y u Ojj^ aj ijy Ajjlj j N ( t) = It J^(\) = ^ 1 

.^jjl 



- 


■ " 


£ \\ £ \t € \r 


o 

o 

o 

>- 

II 

£ \y £ tt £ rr 


\ 


f \r £ rr f rr 


o 


_ - 


- 


L cup-^ \ \ - V - Y y -uiU (Sj^ji °-y b J* 

.^ofcJu lj \ Y* “ V - Y aLU* (*-uly ^ oUl^M 


y.. = Y £ij , (i *j) (\T-V-T) 


lJjj** Yij ^UaaJ y> j £ij jykib j** ^UA^Jy. £-J ^Jj yj 

oL^iks-^ ^Lj csWjJ y ^ b (j* -^-Hr 0 

yh aj c^J oly ^ lj e jy>- aS' ^yi y y . 3 jL.^ ^jAJ <.xS^y> OL lj ^iiU 
jl y ^ yJy*P ^Ujby y ti 1 ^ i>i 1 °/ p •>* cS^jy*’ 4 ^yy 4 

JSLi y LJU lj £ jL~j ^;/ jy-Jb c ^-Up ^y ^y .jy -L*fy- jlyy ^ 


O-^ * ^ o ^5 0? ^ * ** y±£ ^ o cSLj £S3o 


Iff 


•“ UiW -^cy' Jij ‘-''J-** 4 ’^ 



r-r JO 

^ £rv-* J *dX ix) jd^^, dJ^' } 4J J^, L JLk^ ^kJl^ji^ 

Ji-V ^ L - dx {r) jdx^ } , dx ^\J J^L 

^ OL>v*_a -ij-i <^h b j!y ^4 UjT j| 

^k-jy ; ! a * Sj .J-iL ^>/jLj joly- ^ 

jj oJ~i jL^I rfA Kr) j^ T) , <uiLj JSLV*^ jLoI L 

Jj J-J 4liL ciAi J ( A - k . ^ 4 ^kcJl^jl^U <J ^JLol cr tJ £ 

.J-iL^ Ijb T - T j5Li Jjlk lj jij aS ** 





ju ( q » j * » .* ¥ 


try 

<£cW = [ \ + £(i) ] dx^ , (i=\, y,r) (\v - v - t ) 


^ylLtfl |*^0- j^-lj jJ j j 


A F 


«»* ( _ s Lsl jj JU>jj L $U (J iJ J S' £(i) <jl j-5 

[\ + £(U ] dX<” [> + g(n] d*^[\ + %J 
dX 0) dX <T) dX 0 ' > 


~ £(\) + £(y> + £ (r) 


(\A-V-T) 


8 (jLL-j ,jJjl AF / F o~~J ^yLol £ <jl*v j-ALsU- J-*'-- Cj^pt jl L 

^jlj j oLiie jL»J I; Ij <jl j *£x»\j>- 


e = AV/V= £ U = l e (\^-V-T) 


(jjjj-S” ijl^ (^bai^h <*^y Ojliu Vj-* e 

jj cL*-* j jjL-^ b 1 —j *-; e “^.yy 4 J '^TJ^ 

(jlj_; a_5* o-J oT jjL*£-» OjU_J l5o .xS^j-a JLjj Ij T J~<*3 (.r-- 1 tjbi(*f A ^* 

.jLil^ 6 - Y J£a j;Ux. ly -ia-lj tib lj <^-V. J.P*-* ‘ 

£ M = l£ U =^.e qLSj jJc*. L tsjai j-ijj'U <X Ja~jJ <3)J> Jxj2jyx.b 

jjJ-i t\ L~yj> JUy> <t' 

• A 4J jjJ O 


Hij = «,; - A £ *fc = £ >j ~ d ‘j E M Of • - V - T ) 

cT-i. J 5 ^ 1 J- 3 J 


- 


- 


- 


■ 

*7n 

*7\i 

V\r 


£ \\ 



7u 

*7n 

*7rr 

= 

f \y 

e YY ” £ M 

f Y r 

V\r 

*7rr 

Vrr 



£ rr 

i 

£ 

i_ 


(Y\ -V-f) 



Ju^o Ltb o cSL*J (Suj 


I PA 



0 - f JO 


cr-^L^b^ (j^-Li jj-« ^Uo^jIj 


.cu*-l <— J^jf <jb b jjJj! t L<r i^j“ ^IaIjjcjU c *£ j j^i» aj >-y 

Vn = • (TT - V-T) 

jl XjjLp '-Jly>o! j5*j 

9 « = e (q) ~ £ m > (q = \ > y > t) (t r - v - ?) 

.tJlwll jLj—uJ yxJ^ J ^wjb jl JjLo £|^J (jl aS* 

ajlJiIj <di<u oU*a> jS’i j jb ^j->-j P j*X\ X^ 4^*Ju0 b <_£j \y« ^hx&JLo obj 

£ xr ~ Y \r = Yr\ == Xrr = Xrr = ° (TT - V - T) 


o\y*AJ J AJLwJ^O , L * > ^o A^ Ay 4^%SU0 Aj ^Ia^uLmS* 

<j^~ (•—**- jl y» TT - V - T 4-bb^ /I Jjb lyrj lyi Jh! j:> a>-jL5o 
^*A ^A yA r jib*j^p^> .J^-ibA r jl oJJU ^b yu&yx ^LhAjJj^> £I L^? 

CV_i)l T — 9 J-O* ° OX^X yAy A_J C^M>i 0 Aj jlj b Ay J A_ziL OljjJ 

(S^y. ¥ ~ ^ ~ T b ajLl«) L yj£ <_$!jj JU&I 

^[^yty^S Jjjj>- L JpLj jl jj Jl^b Ij ^ Y* - £ — T A_taU*« jj dJLi JUd jj^Jb 






]M 

j| jjJjLp ^bj i 9 — X *Jsl*» ji 


£ '\\ = 
£ ’u = 

y'u = 


£ '^ + £ tt + £u—£lX coi X 0 + -^- Jin X 0 
XX X 

£ n + .£ll _ £ " Zfll cos X 0 --^- sin X 0 
X X X 

- (e n -c TY ) sin X 0 + y lY cos X 0 


(uJJIxa-V-X) 


(^XO-V-X) 
(y XO-V-X) 




X 1 

X 2 

x 3 

*1 

cos 6 

sin 6 

o 

X' 
a 2 

•sinO 

cos0 

0 

X' 

A 3 

0 

0 

1 


X - f jK-5 


. ( _yLJ J S' L 5l_^ JliJ Jj-ir (‘-r’) < l S^jy^ <3^S. 


.JL-iU^y* i_~Jjj jS” <jb> y^ojS- •j^‘ s ?~*- t ‘ 


£ o> 1 

«0f> J 


£u ± £ U ± ^ £ n ~ £tt y + ^ -&L j T 


(OX0-V-X) 


jLj Si y**-* t-LiU^ 

jl 0 jUi-l L) Ji^y* ^ jS («-* jl b»*» -^r" 9 b l -^i 

4^,L>^y, r XO - V - X aJjLm jj jisU^ ^1 OjjS’qj. j^i^r b »^l (<_SjL^ ^ j ‘J^t‘ 

•-'- 4 °(_s'* b a^-^J Ji-i 





qmw 4 L Lib J o n £ > k o dL~t& 


)&0 

^lj-j Ij s^'yI^_ jLm*Jw o c.».L i .^ aS ) — V — ¥ (J^o 

.c~J 4 x 3 ^jly JSLi JjLLa ^ ^Lac.*^ jj ^La^^xJ ijS’ojjS’ Ja--J» 

f ^\ \ V * \ ° _)1 »^-<«**bj j 1 « p Lai%^...>- ^...) I ^j o■ a **> o^ii j 1 La 

Jui-S* .cu-^l (JL*-j oj*^) tfi / Jft \ — Y x W" Y j — Y x W _T 

^b L_J 4_S* Aj^^jbo^—A C £yy H” £yY = & \ \ Y £ 4_S* > U_ A J (jbJL) • £ ft .J y^Y > ^YY 

* (wJ Uo I 



jX f y ojj aj 1j C|»jjI^ jbJ Ij i—aJI Y& — V — Y aJjL*^ JaJb L?«Xj! jj 

jjajO — o° j9 = <ro° gSj) lJI>- \j\o~ r <SjiuLc jj £U \j ^\y) 

<+tJ^ 

f = ~Y + £ tt + ~T - Ctt ( _J_ ^ + Yvl 2^X~ 


Y = 


Y 

-Y + £; 


II + 


z£il / M | y» vy 

Y \ Y ) Y Y 

z£n / _L \ Yxl £T 

Y \ Y ) Y Y 


0^ j-£ b .Jb 1^0 CmiJu £yY = & J ^^-b>- y^Y <kbu« j3 ^ i (J3^ 4ib^i b 

b .y^Y = ^ Y* |»^aI- b el^jl e YY i—3.i>- jjia,«,^ 4j Jjl jl 4 JjL**« 

.|W jjl^« CUaaiAj Ij ^\y '—'^ Y^ - V - Y 4JjL*-« jl 0 = \bo°j\ ojbtX^I 


YY 


-^^(t)'M-t)--’ 


•|^> b 2“^ (_$b b ^JjI Ja^- jj 

«n + *yy = -r + fl - e' u + ^'yy = T - Y = Y 

4X3bo ^Ji^buj^wAAj ^^3 |2 ^ ^LaC1a*a 3^4 ^3 4j Laa u^ A Oj 3 ij JL>^« 



CZ*S eSubJ (pdyw * f 


JLw^k lj AJsdtj jJ Q J P (_£ ^ d«« * ^^4 0^-*^ AS* 

^IajISs^o j ( ( jiJjA (_£jLi>-I ol^o j~j*J i_5sj t^lSjjiaj .(Y — Y J^Ai) 
^la-J lj <2u jlSs^oJ l^^jIjAj ^ jtajj tlgjl <3->jS* Ij>*a <_$!Lrt •■*J-«Li b p^>- 

_c,wjIj.i2_j^ c a q+a,^* !j (jl^Lwo 

.|t-*AMj jj^« jjj ^jj-^Aj \jdllj <jl^4 


/ dUj \ 

li lax/jp 


(Yf-V-f) 


(Jl>- .C^-wjI oJUi tfjlJ&L, la** jj a 5* Aj^^jLoJh ^j LjjlP J£*L« jl aS* 

aJ^Ia* jJ .P jj oj3 Aj Q jl oj3 (_$b^ b •^’(5 (£?*** O (S^j^+jkZ O^j-i 

•*j?'-ks* Jij 


dUj _ _dw^_ dX± dUj jy 

dX - aXj dX - dXj j 


(YV- V-Y) 


jj jl£Loj-^*-j jLolj? ajj>j L tjLiL^o 2 aj P jl L> aSo jtajj A/^ jl a£* 

.^♦Jjjl^o C—-jJU C--Jjl — jjti^o J ^Lfl>C^ -o ^i Aj Y ^ — v — Y aJjIjl* 

— [T(t + t) + 7(t-t)]^ 


= (£ij + 0> i} ) dXj 


(YA-V-T) 
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^LuJIjAj 3 jljjj j3 OjS" j^ujLi ij jj-wJIj ^^Ja3^P j^tlc- a50jI (_$b^ 

L) jbjj j 3 ^ I ^L*"^ <*->lS j ^° <_>“* .j*j jJaj \jP aJ ojv jidx^ jdx /' * 

^b-j oL«J AJ Cm^.) ^ yu* aS Ij C-i jAHj j 3 Ajaij jab jly j! o^Ul^l 

.(JuiL^o aJsuj l_-j>- C L w o ^w j 3 ^ol j < *-j>J jS" C-w^5" 



[ dr/° dr/ T> ] = [ dr/ 0 ] dr/° + dr/° [ dr/° j 


= dv/°dr/° + dr/° dv/° = V;j dr/°dr/ T) + dr/ 0 v /; - dr ; (T> 


= (Vij + v jit ) dr/° dr/° = Y Ay dr/° dr/° 0 y - \ • - f) 


(j-j dr/ 0 dr/ 0 = dr ( ° dr ( ° cay 9 


[ dr (0 dr (0 cay 9 j = [ dr ( ° ] dr ( ° cos 9 + dr ( ° [ dr (T) ] cos 9 -dr ( °dr ( ° 0 sin 9 


[dr 0) j [dr (r) j 


—Tjy- + - — ■ (,) l cos 9 -9 sin 9 J dr ( ° dr ( ° (\Y’ - \ - Y) 




iDijdXi dXj 


n i*"l x [*"i 


dr dr 


+ ——^y L cos 9 -9 sin 9 | dr ( ° dr (,> 


(\Y - \« - Y) 


dr (0 =dr <0 =dr j sin9 = ° , cos 9 = \ j9 = « ,&T dr/° = dr/° = dr ; _/l 

Cjjj~o*j \ Y — \ » — Y aS" 


dr ; dx: (dxj 


06 “ W - f) 


b) c*^>- j~spU- JU- ±o($ j j ^<5* 

,0 = ZL Oj j-s<s» j! jJ c -Lib ^ jj ^ jfl b»i .( JLj boJ <Lwj UL« \ \ — ^ © — 'f 4j^bc« 

.JLi -ul^ T - W - T 4j^bc< o&I tc~J sin 9 = ^ ; cos 6 = o 
T A/*i ( 'V T> = n, T D n T = -0 (\? - \o - ?) 


j-j £.p 0^ ® *ijl3 j- 5 Lr-*^ 







j*JLj i Q*/a > jl^lP4—> Ij j__* £j—^ ^ J^*—« -U^O (jUAZ-i^j jj .xit^ 

Aj 0~J AxJli (jLJjj J-> (jl^Ja^J J^laj *j^ j* yy ^J^l) 

^*jjb n Y = e Y jfi^ = e^ ^\y Lr -j .xsS^a 
- y = • D . e Y = D \ Y 

C^a_ > - A^> <jljj ^j-* t jSw^iJ £jJ J^*-- 1 ^ tij^jt* J 

.Jl^S'^o oL Ij C*Uai>«-« ^La j 

^Ju^l c ^jJL^I y*^ f J* 5 4 -?’’jr* L)jl^° jj^Lj u5sj D jJ^r 

.j yj \ J p r \ L)l (ji y chy^j* Ij J tJSLiuilj^l j^jIj j^> (jUo^b jl 

^jjljL .JbL 4 ju*y> E <J~-)^ JJ—jij“ j£*L« J 0 ( 2 ^ (^l^-^jj <X&\y>- XJl* (.yy&yJ* 

*& lT 4 

ye = c- i = f t .f-i 

. j yy* o-ijJ jl& V - \ 0 - Y aS^U-* a^ ^ISO-A A>*^Ij 

Y E = F r . F + F r . F = (L . F) r . F + ¥ T . (L . F) 

= F r . L r . F + F r . L. F = F T . (L t + L) . F = F r . fTDj.F 


E = F . D . F 


(\V - > 


jsti-? tSUOljjIjS* j?l J Mi^ + ^ (HL)^ U i + ^ ~ x i ^ ^ 

J( l-F) d ir A ~ Xjy ol£of c jiajuij-^> JjU j ^ tX-iL <-£>• jS* W/^4 l)I^» 

jE ~£ t Y — V — Y aJ^I*^ Ja-wjjj oL«j^A>. F = I = I aiJI 

JuL^ jij Ojj-s<5>aj jL**j ^j^ L$[ji ^ V — ^ ° ~ Y aJjIa* 


£ = I. D . I = D 


(\A - \o - Y) 


a&j 1 aj as ^-jj j (dx)^ — (dXy — *iX . X E . (iX OjIa> jl {SjSy “*** ^ ^ 




i = •CiM (dx) r - (dxy j = [ (dx)' i 


[(dx)'\ = dX. yE.dX = dX.F T . Y D . F . dX = dx. Y D . dx 


(><*- \ o - Y) 

Ji jfi\ JaAJ J £\ O-J A~o !»—»>■ ■*lSy- lSj X t£\*]ajb ji j _ y L>v« C-S"jLfcJ^o Ol-ij <S” 

jLiL D = o t x 

.c-j-jj jljj ^ N \ — No — >f jl o jliwl jii>i Ijj ^ — \ o - f Jj>- L 

«i = Vy rtj - n,A / A = (Z>,y + n y - D, fc n ? n* n ; 

J i< —-i i-jUc—it D ^ —s<»t Cvj—>■ <Sj_ jlx;_ol jj «; j_?I 0^_S'! 

^ b D '- 5 H- D rpj oT jj *SDjj tij <p> = D (p) nf p) (p = \ , y , r) 


+ WijnW -D^n^nW = Wpf 


(Y« - W - Y) 


tX_S" jj-i.7 c-4>- JiUJ jl Jaii a5sj u_^ .n q ^n q ^ = \ *S’l J jj 

4-Sljl D L y~*e>\ (^Ijj lj jJ £_p 45” jLij Y » - \ o - Y 

jij b ^bol J ■* »^lj W 4j ii j i.K ^ L (^*6*j£> j»U tjj ^1 jl .Jlfcj^a 




= y «,;/t %■ li W = y curl v (Y \ - \ • - Y) 


•ta oLwjI>«^ 0-^ £ L> 0 JLwoij j( ^ J* 4^ 


V' y € pqi € ijk V k,j — y (dpjdqk ~ dpjfiqj) V^j 


= = *W (YY - \ o - T) 

jdV} LjjdXj JVjjdXj EjjfiVjfdXj ^s^pj .Ljj — ol^ol c D = o ^*1 

"“ “ € ijk ~ £ ikj, 





]M 

rfv/ = £ij k Wj dx k L d\ = w x dx (XT' - \ <> - T) 

j Iwjug L)lj Aj j*** ji <y^ Jl 

u&^La Ij oljj^ l-U^ j li* 4>- t <^Iaj jlj w jb^ jl o./ 

^jL.ljbf I <5* pjjta aj»-jj t L c^s-j*» jL ji £ j-i jz iJj - 6 - ) 0 >>£ jj 

! Cl<^u»i y y* yj CL*.< <v.*.«,«3 j.2 Aj ^ /rxc (^ (dJsj>yJ izSj£> 

Jj D aj; J ^joUU L f*iD( p ) , (p = ^ , X , fj ^>Ua^l Aj ^U^jJ - ^ 

JujLo jJj Ojj-m^Aj c D JooLaI* j Ju j.2 ^JL<p 1 jlJO>! 

A/A = --^ ^- = A; = «j W A w «, W = D (p) 

• w l£^j!3 v ^ p , j* m b D ^JLu^l u_JLj? oljjj - X 


cUbiZ^L*** i (^ 2 ^ m *{y?tjyjjL*)) — f 

£-M p\j .^J J^ L y A b = ^ • dX J-~*uljij .2 ( _^ a3 *' ^J 5 !" u£^b» JjlJLo C^WW^O 

V — \ ° —• X aJ^Ljc« Jau^^j j (^ixj = F . dX u1a^u»I 
(dx) = F . dX = L . F . dX = L . dx L (dx-) = Vy& ; - (> — >>— T) 


jl C~J OjL ^p dx . dx ^Uiafl) L-J y^ ^« 2 Lo \ \ ^ T aJuIjc* jl <5* Q««1*1.2 A^y Ju Ij 


(dx .dx) = X dx . (dx) — dx . XL . dx — dx . X (D + Wj . dx = dx . X D . dx 


.CL««*<1 ys\y j.2 \ *\ ~~ \ ° ~~ T aJj!ju« L a5* 

**->' *jT J t^Aa- *j>- (i- 3 '-* ^ a5" ^Ijj (jljj {jJ>y> ^jl 

«.!j>-l iau*»jj ^Ty* oJui i_^Ja^wo C-o-Lw« t (jdb J .^ J . .c^»l j\j$y *yZ o^b 

JkZ jj Ij A - T J-^*i dX A (y) jdX A ( ^ J-w-^Jlji-i^ 

.CU-ujI 0^ jJj jbj^ b ■ dS ^^Lw^^ll^jl yL« 
dS° A = e ABC dX i ' ) B dX i ' ) c Ct-W-f) 




^ (jb Jsmt X KO CSuJ> ^SmJ 


) v° 



A-r j(Ci 

4j Jj-LJ ^Tj- - j3 dJC^ ^ J dXji^ ^ J^r! dS° 

. 413 L JSLi^AJ tfJU^SL, J3 <& Z - (Y) J^i 0) 

(J Jlw« A — T J^-^* JjjUa^o dSi (_£jl>- C^>-Lm^ 4j I X — X (X , t) <JiS j>- j\ j3 

jl d* **l <L)j\*s> j 


dSi = Eijtdxf > dx* ( ’ > = £ ijk XjB dX B M x KC dX c « ) (T - \ \ - f) 


.X*}^y> O^X^ ji &»)e l *S 


x iyi^S i — £;j k X iyt Xj B X kc dXij ' ] dX c i]) 


£ ijk FiA Fjb F kC dX B ' ) dX c i: ' ) 


pji \ Y - T - T *Ll~ jl J (^/Ij )det F = J <Sjj*k 


£ ijk FiA Fjb FkC — e ABC d et F - £ ABC J 





)Y) 


Jb jj £jt yijl> v_r® -J x vi dS; v J»yy ^L*-* y yj o^jS’^jb b tyjyl^, 

.jjjl (tyly- 


x i>1 -^4,9 dSj — iVlfiC ^ d-Xfl' ! dXc' ) ^Cl ?9 

X A>q 

<Ji, dS; = dS q = ^ >9 / dru (r - \ \ - T) 

. xS jLo ( _ y Utfl c»>-Lw« lj (_$jl>- ^5" 

l*jjb fj'il b yj (Jjl—j <.dSi (jjU yy^ 

(det A) = tr (A. A-') det A (fi-W-Y) 


.j*j jjT^ c— Ju A (_sl_y_ F oJjS - b cijb—"-' jy~^ <-& A 6' y *£ 


(det Fj = J = (det F) tr (F. F"'j = J tr L 


j = J V;; = / div V 


L 

(? - \ \ -f) 


^y-y *^y s.j °j y°^. 


f - N \ - T 


ib. 


v JbU 


dS q = JX A , q dS° A 

’f — N N — T «JjLc 4 ^gUy y (_gjlj! o^ lar .^l b 
dS = j (T*'/. dS° = / dS° . r' 

J 


dS . F = J dS' 



^ » ^ o { C ( C, (jb Jo Uk^o c 5 L j IS 4 


) vr 


.o-ib -lLIm I jl (_jj L 


dS . F + dS . F = / dS° = 7 (»■ Lj dS° 
dS + dS . F . r' = / (fr Lj dS° . F-' = (tr Lj dS 

.>Vl 

dS = (tr Lj dS - dS . L L dS ; = v^^dS,- - dS, Vp (v — \ > — T) 

4jIjIL j t ojt^ c«>- L-«-« lj aS* 

^iaJ jJ !j L ^l<^>- ^s> ia-Mj£-?~y» ^JCjjSLj jJ oJLi L^ajytj ^os>%s>- s.y>~ 

dV° = dX (U . dX <T> x dX (r> = € ABC dX J ?"dX B «'dX c «' = [ dX ( '\ dX (, \ dX (r> ] 


*>*■ -J 


ji'j+A 1 aj — T jj <S* aj 

o«L>i AjI jl jJ j Oj — T L 


dK = rfx 0) . dx (Y) xdx (r) = £q k dx^dx^dx^ = [ dx 0) , dx (Y) , dx (r) ] 


t^j+0 (_£jl^ J** ^ • ^X |»J jlj t X X (X J t) 


dV = [ F . dX 0) , F . dX (Y) , F . <*X (r) ] = ^ x iA x jfB Xk>c dX^dX^ dX c { 


(r) 


= det F [ dX 0) , rfX (Y) , <*X (r) ] = JdV° (a - U - ?) 


F) / ^ o jj>- aj!j! ojljjl Ij (JjU- ^^>0- 

dri^ JJ^i ^ < o t Js>l>J jl. J > oL/< O pjjb t(0-wjl 

b cT*i c l5^ ^ 





(zSy> ^ ’ f 


) vr 



< -r JK-S 

4j £^- ^X^SLj Jjd^4 (r) jdA^4 <T) , <2^/ } -^y oJ - i ^J* 3 ^jk^i\(jj\y* 

JjL-4 4 jjIj JSLL^Ju' jidXi jd%i } d%i Ja--y oj-i 


ojljul jdF = tfF 5 o&! JLAl/ = \ /I JLiU/ > - p-*> y>} ^ <i oi 1 3 1 
.c~J <SLj $$$)*( c^Sy tJ-iL ^>-\j ^jL^X ^Uj <^1 y J jS*i .-LlU^ 

(S^ 3 ^ dV u ?^*3 ^y c^* J c$Lri 

f^Fj = / dF° = / (tr L)dV° = / v; # ; dV° = v, ;; dV (<\ - \ \ - ?) 
aS’ uU--jT JuiL ^r* iS^ji J f3^ ^ o~i 


v ifi = div v = o 


0 • - \ \ - T) 


{ ^ia yt5* jj F oljylj^ ^ 

L oloi/U .JcS^ c~*SV \yr j 

.x£y> £rx*> <3^ **-*btt" ^b (jr^y ^ 







0 . 1—1 ' » Jjj yA ia —ljj 11 -J 


^Jj LmJ> 

5> i - r 


x, = | (X, + X r ) e' + | (AT, - X,) e‘ 
*r = } (X, + X,) e'-| (X x -X r ) e‘ 


*r=X r 

IT -1 oMiLit-i ( jtj-! Ij ol J ui-Lj- J jLjo j_ 3 j <_S” JuAi jLtj (i_i)l) 

= X (x, t) 

.J^S A^-/U^4 Ij j 0*Pj—< ^Ia4a1 j-o (t__j) 

V^-*' j tJjj-j jI^j ij —aJl) jj L ^j5L*^ c/^U* (i_j) 


J = cay h r t-sin ti* t = \ 

x \ = I fa + c' + -1 fa -*J e' 
* = | fa + ^ «' -1 fa, -* T ) c' 

*r=*r 



... LA -S* jtu Lja3 d. 


(*_aJl) ' ^+»L* 


V, =| (Af ( + Ag e' -1 (AT, -Age' 
vr = | (T, + «' + ± (AT, -AT T/ ) e' 


v r = . 


«. = j (X , + Ag e' + j (AT, -Ag e' 
«T = I (*, + X r ) e'-^ (AT, -Ag e' 


fly — o 


Xy , Vy -Jg j Vy — 0 > — X^ j fly — Xy , fly — 

.d^«l oJ —j AjIjI ji'j dj'b/iL*-o ia— j j 


M 


r-r 


X, = Af ( + Arg + Afg r 
x Y = Af T + Af r f + Afg T 
JtV = Af r +X,t + Ag r 




C.S} (JjSjZi J++ J U cSLj (&*+*** f (J*a 9 


1 Y£ 


\,;.<T j&aa c/'i/iljt* (S^ji b <-^ 1 J ^ ° ^ ('—^0 

\,;.< £ yuju jjj ^IaOw4jcJ?j b < j d*Pj —j (^) 

o^ljf = ./OS j (Y/VO , Y/VO, Y) A»i = \ 5 

.o-l «*£!_>* = . jO , X , -\) A>Z J> **>is'y.t = Y 5 AiuA j* (Y) 

j = 0 -,y, a-, = i^L, *, = JTr = a^-MD : £-t 


(\) v = Ae, + oe T + oer , a = ? e, + Y e r + Y er 


M 


(T) v = -t e, + T e t + *\ *r , a = -Y e, + Y e T + Y ^ 


.o—l y_j «aA oNjU* l. ^f f—^ i-S^. f - f 


c, = Af, + Y Af/ , * T = AT t + Y AT/ , JC r = Ay 


jj Ij (Y , X , Y) aWj *5" ^Ujj ^ Ij t - VO Jj c^j- (-ill) 

.juxS* c.*JU-J t — \ S 

.±aS i j^C J JLa! y~ ^Jo (^— aJ!) j* o jJ) ^LsLJi Oji a 5“ b — 0 (v*) 

.Juljf 4-— t — ^ S 4_li»J j.5 b flji <L)L*A 

V, = y , V T = A , V r = . Ml): £-4( 
Xy — T jA Y ~ Xy 0 

a, = 1 , a T = At, a r = « (y) 


.jgIoJlJ; 4 jiji jij o>NaU-» ia—x — x (X , t) oA^- f f 
x, = AT, (\ + f) , JC T = AT t (A + r; T , Xr = X r (\ + t r ) 


->. L$Jj\ J L$y>^^ oUal^ Jj -5 ' 


•W 







L 


=_ Hi _ (j — v y — ^ •*■'■ 

0 +</ ' ar_T ^- , + f T 


a r = ° , a T = ll t = —Hi 



*1 = + *r («*- D , *r = V -*r 0 -«*J , x, = Xj 


O^fiU-o ^1 4jf JUAi oLD 

.* ^~*^£ 

x \ = V -* r fc' -\) , X, = x r e‘ + x r (e~ u - e' rt ) , X r = x^"' 


<j| oJLwJ 4 j!j! ji j l**j 


v, = Y f + Jf, , v T = X,e‘ , v r = X r - I 

= . jiX = XLx = x (X.,t) L-jbjX Jl/aloVaUjil jl 

(^jLas) jl jj j c-i 


V = *x + u + t' 


„ - V ,. _ Y Xr - Yf - r T 

. , , > v r — x i > v r--—;—;— 

'+ f Y 0 + t) 


^ M 6 


a, = Y , a T = x T , a r = 


• wj! o-H cob jjj iajl 4j la - ^ 


^jj -Ujtjj ia .jjj 4JL-J. 


5>V-f 


X, - X/ -Jf r (eH; , x r = + X r (\-e‘) , x x = X r 


ij 1 ■ c ‘ ? - * y j - 5 j-» jj Ij <L>l 5 l»j*Jo olJu* 




) VY 




u, = (X, -X r )(e‘ - \) = (x, -x r )(\ - e‘) 


L 


u T = (X, -X r )(e‘ - \) = (x T -x r )0 - e) 


U r = 


jl oJlJj (jlu jjj oljL-P Jfl-MjJa*»*«* ^ ^ 


T = e- rt lx' 


j! *£ 


S = 


= x, T + x T T + X r T 


^lA4jjJ yA 4JL-j^aj Jsu>«-4 


= Xy + YXy > ^y — Xy “X^ , Vy — X^ + X Xy 

. . i , . *■K ■ ■ *“ lj tOjI j-?“ (jlwLc/O dT / {^^bj f^ y L^A t 

dr _ -e~ r< (XX r ± 9X,x r ± A x,x r ) . L 

IT ■ X T ,£rr 


^LftAijj>» (^ljb i 


jLi <jl. 


*r j 1 


4 _^>*b (J^J ^ — f 


v, = A (x* + x&\ e' fa , v T = A + x?) e fa , v r - . 

^Laa-oJ b Ju j_o j\5b lj (^Lai) jy\j* ♦XJL-A C-ob k jA (1)1 ^ Xwjb^yj 

JGjJi t — O a]sl>J Jj (\ , \ , °) 4_LuL> ji ^bJ< 

a, = -x .4(7: - M) , = -A (k - c>A) , a r = . ; £~4r 

.C~J oJui AStjl yj oM^bcx. Ja^^j <l)b>3 J ^bjii 1 • - f 

= Xy^ y U y ” Xy/ , Uy = X^ 





0 (j-f (^Ltb jp^&vt) (JukjlSuo 


) VA 


.Xjji CU£^ ^U4iJ^0 b JLlS' oalal-J \j (^Lai) JlJL® j^ljjl 

; 

„ - .gyf + V + */ ,. _ *r + *,r + r x/ .. *, + yjc/ ■ *‘ 

i-i’ • ,_ S-? ■*-—rr? 


££. 


o-i-i oili jjj oViU-o Ja--j^iS j>- (_^ijj 1 1 — f 


x ) = ^ cos (ot + Xy sin (ot 
Xy = - X ) sin cot + Xy cos cot 
Xy = (\ + kt) X r 


Ij (_^jJ jl J5Li jl5^>jljL-a cj k j(0 jt j 


= x* 0 - cay of) + Xy sin cot 
Uy = - x ) sin ot + Xy 0 - cos a>t) 
u r = Xykt / (\ + kt) 


• £—4 


< (J^J^ \ Y 4il_w» ji oX_*i (_^IjJ (ji5L><1)1 JL*>» 4^ JLjfci jLtj 1 f — f 


Jdi v — 1 J 


«, = x, -1 (x, + x T j e r -1 (X, -x T ) e' 

«r = -x t -| (x, + x T j e' + | (x, —x r ) e' 

j fdu,- / = au; / ar + v,au ; / exj) jul. j^i ji #J u^i 1 

■ ■ b ^ Y A ! * ■■■ 4 ji oJLi 4^Ut4 1 _1 1: L . 

• C~il »J-5 »jb Jjj oljljp JSw^jji; (_& I—y It* - f 

x, = jr, + x r (c r - c*^ 

x r = x T -x r r c T - \) 
x T =X r e' r 







m 

jfl /» ■/ ^yj-S^j 4_S" Ju_JO <L)L*iJ obi Ja—Jjj J -UlS" yuxAJ ij ^L4 ob^ij^ 

J-^»U- J5wj*a*J ji b -LiS* b 

J - e\ X^ - X^-Xy (\ -e- r ) 

Xy = Xy+Xy(\~C ) 

X r = ^- Y 

j J5bJ>_^Jt_J ^U-J *5* \^<y» iS^j^ ** ^ ^ 

(1)15^0jxJtJ <jljL_^ L y>j^_£ cJL>- jA b b)i 6 iy t X . I ft> oLrfaI~ ji Jil*--* 

4 i* JLAA <jliJ .(ob»j ji yul jJ <*L*Sy~ cJU- j-> b) X-^ty» Oub>l^ oto u i = ^ij^j 

C»ub^4 ij b (_^j {S^ji 

. JOjboyo yb ^la ...* O-j t 5 ^b» ^ a ,,,<l> ( t - J ^0 

.JCoba^a y b (jb_>t-^A ^ a. I ».. » fr fj^ ( < T J ) 

^JCoj^*j ji (_$4j XJ L » ..fc i$Jj^ c 5 *^Jo ^4 J 15 ^ C$^b* ^jla*^ (<y) 

. JJ j-Ji^y# (J J-*-o 4jLftb 

^4,y ^UcLotJ 4_T ijJi^ t-Ajj*^ lS^J* ^ U i = ^7 c % , < ^ 1 ^ - f 

jA (^Ij-! ^ JL *- Ai jbJtJ .AjS* j&cijiy y» b obiobtoiwJ jJe *£ XX*** .* <Jsj>-j5 ^iojijji <j 
bj_P jj JL_| ^ii jA Ji (_£Uo^y~Ju" yiy 0 ^y-JO JS* <, Jiy* ^7^ jb~! 

.Juib ( y» JjtoJui JU^i 4^ 

Ja-^j jj oJui (—aj jj«j j^bo-A j (_^!jj 1 ^ - f 


X, = «*, + fiXy 

Xy = - X^ + aA^ 

Xy= flXy 


JuA3 6biJ .JUlS* 4_^U^o Ij E ^yij^l Aj-^» jj-jb CUjb fA J fi j (1 i)\ J* 
obji ^ j~» j ,j^j^tJ-ib^u = ^ j/? = 0, a ~ cos 9 ^\ *£ 

.JuJj JLaI j^-^Xy jj^«j» ^ fljlJjl 4j 1^*1 • j? 








) A) 


JL* <JL* * f (Jp oS 


*j! oJLJj o,>ta jjj otjLp Ja-^j^IS n-Jjjaaaj 1A — f 


x, = JST, + AX r r 


x r =X r 
x r = X r -AX r r 

JulJT b ® j E ^5* jb u(o-*«-o L»ljJ!) c*^! c-uL>y4 jl *£ 

j la \l * j./p >4 ^w_i j| ^£"'1 J X 'H. <lS" JC-^L <—La (J J^AO (j Lw - t J 

.JujL^^o ^ j L~..> J ^wj b 4j j^wjIj ^A 



Ax r o -Ax r 


-Ax r 


a5\j jtac. 


ij I^LaCLoLj 4^Xf — X} + AijXj lSsP^ jL_—u A 1 ^ f 

ji (JU j) ^ jJa ( jtj j5* L>*jl jl j xjS Ij £ <j^j-> jj-*^b c X jl^.. a 

C^wJ-L; IjN = (1, “ If) / V T 
Y £(N) “ ~^r ~ ^r\ + ^rr • 


jJ j oJLJj UJ2 j^WJ ^ijJ r • — T 


Xs = 


X, r + xj ’ Xr Z, 




■ i _ r = y, 

•/ + z t t ’ ^ r 


. Jbjjl <.—»»■ *i Ju lj ^ C j^ .w b 


C(U _ ^(x) — (X\ + Y > ^(r) — ^ • £-4? 


is-wJ &J ojl^j 4jiji oixu* y i y 


X^ = + (X^Y 

Xy — ATy — ccX\ 

x r = X r 




ija (jb J dl+&*q ciLj ^SuQ 


ur 


olji Ojjl^ *5* obi*> j { jz**-' jj C j E ^Laj^*jlj ^LaJ y> to—<1 o.»b cl <j! &£ 

b {^j* jttA* ^\ "^* *^T = \ CL Ojjl^ 4j X\ ~h X^ — \ 







* 

p 


- 


_ 

_ 

a T 

0 

o 


-a T 

o 0 

0 

a r 

0 

t (\ + a T j r 

o 

-a T 

0 

0 

o 


0 

o o 

- 


- 


. 

. 


»l oJ_wJ l .. Jb jAj jjj <^J S )13 1 ** L aSmj^j la,<>y4 tiL j^»' TT •“ ^ 


*, = X, + 
jc y =x Y - A3r/ 

■*V = X r 

o^j* b ^>>1 j (jit** b E ^jj— jb .c*^J c-ob k, o\ j$ &S 

Lj Ij c_Jia_-« ^->1 .IjL Jg> Li:— J lj £ iS^jS jb j ^jtjjS o*J <3b>- j£ ^I^>- k 

jb ~**i *->.LS^S. ^ ^ij = U i,j "^" Uj f i J>j-*j jl o^UjI j ol£*<jljL» 

ji.j oM-ibc* O jj^aAj (jl^oj*J»J (1)1 JLwo ^1 y XT — f 


u, = AX r X r 
U r = AXy 
u r = AX, r 


( ^ wj ^ c-ob <JLA (jl ji &£ 

CO jL—J 'jLj-y*- J J^jb J 8 iSsS^j$ jb-w jiijS' jj^jb y> (Jl) 

fl > \ y °) ^Jajij ji £ L ^a\ jjilio (uj) 




€ \\ — £ rt 


:rr= o , = $AX r ,e yr = (Xy + 

(0 )S = o Yt = Orr = o , co n = -g> Y \ - y^r 
a^ r = - co n = A v4Jfy - , fi> T r == = 

£ ( i) = 1 >4 , €(0) = o , «(///; = - y ^ (v) 


ji lj J jly Y6° 4jjij (Jjlj YY Y 

.x^y> iSjS ojljjl J5LS JjILo^T^ j^f Y > ^ 





= T x ^ 


= A x ^« 


J f Yt J j.-^— A P ^Joi—> ji lj /\ Y > qZjj^S 

YO - V - ? aAU*) £ n + £ Y t = f 'n + £ 'rt 


j a>\ = ft> n -fi> T r a-S* Ju-ftojLiJ t Y a>i — £ijk <*>kj 4 Y^ - V - T aJjU* ia—> L - f 

0^lil<c4 L JLJjL u^t 3 *" '^ J }-*A j£\ hit *£ XcS oLj! . 0j+& 


x, = XI -AXY + > 4 X r 
JC Y = Xy -AX r + AA^ 
Xr = JT r - AJT, + AX Y 









)AA 


.3jb jly 0(7 jiai iiJJ»i ji aS ^'fr t£\j( -^J J ji* J (*-^0 

,\ .,M _. y\ — o I \ /I jv4 — ^ j5*l O a laa'i ji 4_*jU aj j!j jj (y) 


A-V; = \ + 1 A + f A', e (oc) = V ^ + t ^ + ? A* - \ MD; £*.(* 


&Q(a=\) ~ f°° > A9 (a=./\) — n/vv (^) 


CjN Ja^i oJlJj (jl*j ^|5 wi^*aAj ^£lj-> f A ^ 


x,= v r rA r 1 + I V 12 r T 
x y =-X> + rx r + $ VJX T 


x T =X,-rX y + ^lX r 


N — (T^ — Iy H" Ifj / V^v ^-4=T c^lK ** (j^y (<—ill) 

t>J ^(N) ^y^Cy) 

^X-)j 5 L_j 7 ^^ = ^ , Jfy = o , = - T aIul! j (^) 

_ Cfrr 

n = ^ 2l± (fJ^Xl *1 + (fl + VIA M0 . , i 

/IT? ™ r 


A(n> = Wtvy (y) 

= Y ; ^(min) ~ °l& (y) 


Jjj C-Jjj-^5Aj Y ^ Y 


■*\ — (-^\ + Y -^HfJ 

x T = a T X T 
= 



(j* Lib cSLj iSjQ 




ji oJ-wj eili (1 )Lmo J-^Ij (_£iL» oJLi oijj jI^j ^LaC-oIj fly j fl^ , fl^ (jl *£ 


. JJl-JjL) 





<Xt*£ 

OC j]eii l 4jjL i j ^tju (JjJs> (i aJf) 

Jit* 3 j* cri Q® J 0^4 ^ <U jlj (e-*) 

^5*1 4^*jI (S^ji X*i£ JbL LfcOoli a£ \j (<—^) 

.JLwtL jj o^U (^) 

.xLw ^a-Jj jj-L OD j OC c\yy\ ^ 4j jlj (y) 


l — ^ fl\ 4“ fly "H fly (eji]l) * ^mL 

«w 0 = ~7 .V 1 —r (^) 

V Ta, T + a T T 

0 a, T + a r T = T a r T (Y) a,a T a r =10) ( v ) 


OwjI oJ--» C*>JJ ~0 (jj JSLiL^J r« - f 

x, = + fix, 

x^ — — cX } + ySA^y 

X T =fJ{ r 







UY 


oi 7 j£> ^ ju cSLj (omm i y 6 


jJ .jcj— a» cJ,w jfi , « jl a£* 

^lto 04 >- j Ltoajijjl (Jl) 

■ (v) 


R 


*4jlj ojlxl j 


(-y) 


^UN L 

Mi) 

T — A T ^ , = ,S 


•^■ T (\) = ^ T feij — T « T , A T (T) — ^- T (er) ~ ^ ft > A T (r) ~ ^ fa) ~ f 1 


R iJ = 


\ /VT 
-i /VT 


^ /VT 
i /VT 


T) 


n = Ir , <& = f0° (v) 

.jujX >; jj lj Jij JSLij^i; jl jl. r I - r 


x, = Z, - AY y + AX r 
x T = Z T -AY r + AST, 
xv = -AX S + AX, 

jSZ c 5 vj ^Ijta cJj jjiUu J-JO (jLiJ .CU*J OjIj Jj >y 4 jl *i* 

. J N = ( 1 ^ + i Y + i r J / V r ^1 JJL-^l ji jy^ J 

J Ij ^ cr^rT *ij !3 J cr^S? ltO^ 


A 0) = ^ , A (t) = A (r) — V I + r i4 T — [i : 


D __ < 

'•' rP 


/3 + r P - ^ - r A 0 - \ + rA 

/? - ^ + yA y? + Y p - \ - tA 

p - \ - rA p - \ + rA p + y 


, 4> = cor' y 





C j *'* 'o (jb i ^S KQ ciuJSo 


)AA 


(jt-A** iS^ji )*X — X 

x, = VT^T, + X r 

x r = Y X r 
x r = X r 


jO 




R jj~- cr-;y '- 4 Lri^ MO 

u c ^ 1 ^ •‘i-** j V ^/aoS y* jj_:l: U c—lj j_,_jL- (y) 


r ^.j'j °j ,xJ J lt^^T (y) 

* L 


«,= 


T /I 


vy + ^ 

-vr + ) 


VT- \ 

VY+ ) 

• r VT~ 


MO 


A o> = Y 7 , A ( ,) = vT, A (r) = <i ( v ) 


n = i r , <t> = ^0°(y) 

Jolo>Lti 0^1^ jjj OJjLy I g ■ jl£* j**aj tjl ' ■ a l*!* — f 


«i = | (3 t -*t) 
“r = } (*s -X r ) 
«r = 1 (. y,r -y; 


<iK / dp” ^ o*J (0)1) 

4 *jl J J—I J l-^—•! J j lill ~»l (_yla—^»■ ‘Ij—>rl ^—< Ol > i Jjlj jj J. .1 T (y) 

l> yy ^-<4 J 5 S-* JVr =fi> + fir- air) /vYy jN, = (rl, - xi Y - %) /vYf 




CZSj£> ^ .* 


)A 1 


. JuJO JJ 

A0 = .°(u) dK/ dF° = wavMI): £-4, 


L^AJLa t \ ^ — T Jli* ji oJ-i 4 jIjI t*T f 


x, = T (X, -X , r ) 
JC Y = X s + X Y 
*r =*r 


JLJvS' b 


V ^xJlZ (*—all) 

V JUy o^»r (m) 


L 




y VT 

VT 


MO 


N, = I, , N t = I T , N r = I r ( y ) 


5J_t <jLj jy~*^ (jd*^ YO Y 


JC, = ^ (X, coy px r + Xi sin @X r ) 
x y = n (- X, sin ($X r + X r cos (SX r ) 
*T = vX r 


.» Uo,ti v jfi , n jT ji *5" 










.jcal^ jlil & tj^r j J^> x»-lj J 3 _r^x»- 

jiS - '- 1 *- cr-jj u-'J^ jy 
: 



r 

1 

- 

Ay = 

O 0 ^ 

. T 

1! 

bt 

O 0 \ 

0 O O 


^ o 0 


- \ ° ° 


_ m 


- 


y m(W = VO (o) (A / A) mar = Y , n = e T < v ) A / A = * ( v ) 

^x^SL, j ^x^SLj ji '-ri'V'H 'j t5 jU ‘j^ ^ °+^ ->^ A P rv ~ f 

& Ij ^Li ^jU&U j Ju^^n; A = x iA N A - A - \ • - T «JaU* L ^ u- 3 ^ * > 

4^ JLA3 jLtj 

A / A = Ay tij rij (0)1) 

V LJS iQ,y = -1 (Oij + aji) jl jj A / A = G,y «,- «y + «/»; M 

jl JXjl* OPj-i (jUAjiJ^ L ^i ja TA - f 


v, = (X, r + xy T \) e fa 
v T = (x T r -x/x T/ ) e' to 
v r = . 

t = ' J*j(\ , \, *u Jj «*li S—*-j< j'-j* j 'x— 1 ^ ** 

JulS* ^ yy * .A J 

JJ—c*^- 3 ' ji 3 ^“ (v) 

ur^y jy (y) 

a, = Y (Y -fej , fly = -f > a r - • ( J| ) '• 

y m<w = ± Y (y) An = 'f > An “ * > ^cn = • A 1 ) 








nr 


*, = *, ^ ^ ^ 

*r = X/ + X, fe' - )J 

Jr = *> fe'-e'j + X r 

°* S j s " (ji 1 tSlrt ^ -V 1 - 5 <l>lJ J jJ ^JU lj V; = V; (x) ,- C . j . jljL^ 

L = F. F-' (Jl) 
t = o 4_li>J D = € (cj) 


^ JL^ j D jsLijJ ^ (In dx) / dt jj ^ ^iJij Xf.-r 

.-uiS* c ^*j n = dx / dx 


d (In dx) / dt = h. D. h : ^.i 


v \ = x,z r 
v T = * T V 
v r = XfV 


OX** (j w cr-’VT J W tr*~j=? ( Jl) 

MO 0> tSlrt b^'W'i = W 9 *JiU ( v ) 
<-& iiui jjM ^u= ^ jSj (\ , . , 1) Ail, ji jLu ( v ) 

^jta 


w, = |V , = !*, , W r = • (J|) ; ^,4, 

i = V- ^ AS't^k fF (0 = ., JF (t) = _ H^ (r) = i / V y (y) 




oSy* ^ cS lw i o Jyw .* f 


Mr 


. Jj ^5 \j j ’ j - Ij ^ I ■ £• j—-' <jl T X ~ T 


V, = ^' c ' COS Cttf 

v T = t /tT ’ c( jin cot 
v T = c 


,•!*“■- & L&OjIj (0 jC jl 45" 
.o-jI Oob oji j-* *5* Jujo <L)LU (<—ill) 

.JLclS” j**«j Ij J ^Lft4jaJ y> (<.—>) 

4 ^ Ij A. / A. — d (Ift i\) / (<—^) 

. JulS* t O—*4 X — o jJ II = (C^ + Cy) / V T 


— — 61)Vy > #y — <2)V^ > ^Y" — ° (<•_>) I 

1 e ct cos a)t (<_>) 

Y v , / 


I jlju* *X jlaj jli; rr - f 


v, = \lo x r -rx. 


v T = r x, -x r 
v r = JC T - \lQX\ 


w = e, + \/C> e T + r e r 





*****y±± 1 q -+£>js duJ& 


Mf 


c * pj^ ^ — f* 

V, = x/jc, 

v T = Y Vxp 
v r = TJWV 


Cm*' f'f ®i _ V® T ,) / 0 <& c*i»r jj (Y , •, ji (ji-ii”£_/ 


A/A 


-14 ; ~-L 

TO r 


O-b b jij <k;lj Ls^w. jd (In J) / dt = div v * 5 " o^li TO - r 

AiS"^ 

x, = X, + taX r 
x T = x T + tax - ,, 
j t r =X r -kt(X,+ X\) 

. l ** - ■ ^ I C*jjj Ca^J k (1)1 ji 4^ 


7 // = div v = — - t * T * : 

^ + T fcT cr ’ 

4jiU-4 ji ji a^u^i l juo^ 4_siji Jj Z),y dfr Y jijl. ^ - w - y r* - r 

jl c—jI ojLp (3-*~~* j D}j d* (d)?) / dt} *S jijo jLij <. ^Jaii jl 

<? (<&) Id? = T (Z> ? + %• + Vjy AJ *f &y 


^JJ^ 9 jd^-J ' Jt^ -^Ij 4j 4 JL-j^aJ <_5vj f V — f 


.JUiL 




— AyAf^ 
X) r = AyJT T 

Xy — Ay^fy 


. «V « T .«.*i.ft IaC-oL> Ay jAy j A^ (ji ji aS 



c+2y> $ cSL j ( o ' ****' f 




jS'l <.A r jA y , A^ ^ <5* ^^kjljj 

.JGLj ^Ju“ OjJb OC jhai J^is> (Jl) 


.juUj jjJb ABFE J. iaT. .« co-L» (<—») 



A/ (A, T + A,-*) = x (y) A, T + V + A, r = r Ml) : £-4 
A,v + vv + VV = r (y) 


^(^Ijl^ 'fV — 'f 4 -L * ji aj-^ uL*o fA T 


x,+±?x\ 

x r + ' t% 






cSLiiSo 


HP 


t £ 4ja>J ji 

ABFE ol—. jjji: ^ Ml) 

(i—=r (v~- (v) 




o r^sj = 


- ~ ^ -1 e r - / r e r 

i-lr T 

f 


('—ill) * ^bwL 


- r 


X) — J$f, + Ct^Ty + (XfiXf 

x y = c$X, + A" r + 
x r = X s + X y + X r 

^ <jx*> LaouIJ ^1 ^ ^yJajljj jj^_a UoylSy? ja jt ji 4^ 

ju.>L 

/? a Y + a 

p = —v- . . / 

<x + a - \ • C~V 

v = cur * y <-& jl v jiju^ yfc ^ juo jLiJ <D« - f 

d.ijp_/■***■/ 


v> = - Y *r 

v Y = -bx,x x 

V r = Y XJCy 


.jJiL lSjjjZjjJ c~J j\J olyr J\ i.±^ I jb ja ^UcLob ^ JaJ jj 


: cr 


L 


a — b 



jjiU) jJlji a 


Ly>*/ O 6 (^J^IaJ | ^ 

_>- (^UL J-^l jl ^yji-J AL^yj ^[a]o^>la lSLj\SLc yj bLy yyl ji jl tpl-btj" 

AJLojyj ^ La Ja*>»»4 bly4 ^yL»j Aj cJu^lj^y J «3 (jL# y^J>/y9 UU aS* Ij Lftyjl 

isUf lo t^yL-4 yj 1 jb .Jbb^yylj ojlyo-fc Jb Ij aS* by£^y y'blblAo *-> y!**''® J byjlS" 

k jI -ft^LX 4 j'y b l$Jj^ J <■ '•J**- f<• fyr c5^ Cr^'y 

jjt Ji*L£ (^jyl Jbl*j 1 j yu A?Ajw y lj yaJLi- ^£jyl Jbl*j l5\j IJuj! <_£jyl 

oj^Lp .b^ylyby®j_7 Jjl jyU <jL oyi^y® JL)b yjl j>~ j ^^SLjlSJ* c^b^jyl jb 
.c-«ujI ajl3j^ jlyi A>-y bjy y*j c^^«bj 3 ja j ^ j j 0 y li ^Iaj j — y< y j^S* tu|y 

^y$i —4 A_>-jL_£o jylaj p-yu>* CU*-^L>- Jll>- (_^lL Aia>-')L# 1 j 'ilyoA* <J.it*j yjly 

tJ-J* oblb y b^j ( J-s<a3 jb A$* Ajy^jLoJh .2 yi^y objjlj^ aJ^Ia^ Aj (Jl^ijl) jHa^o Jauljj 

p~*-«^r Js»IaJ ^y^LoJ jb aS' Alpyy (j (Juo o//jfco AA*y ^1y (jly lj jlla* O^bl*^ 

jJia-4 jly jl lj C^Sj>- ^ U^o oM^Iaj (jly y cjli^ <^1y .by jlSb C~J jyw jl jy <^jj j 

.byoJ £-jy*JL*J ^Ja^* ^yJw«-4 ^Ub 

lj ObL jllij y?L>- ^lyl J obyJ ^J*&*j£** Ilj obU L^SJ ^yLuJI C^mjLjI oM^Iao 

t AjJl ia -o £j j^Zi aJoA-j l^_jl A-5* 4 Jb J bJU» J b ^y^Ljj tgjl .JCj5*^y c_ 4 j 

^^1 J Lao yjl . <A* *4 lj JloJjl ^ IaojU^i ^1 yl j Ac A * v I 

. ^j.«^aJ> yj I 

b^LflJb . ** . 4 ^1y ^lajljj AadjJ b ^ yylyi C^>c jl 

JL*j C Ua m J Ij < j^y^y* yj I .by) JiAly>- Jbj-4 UJIj^ljl yfljti (_^bLo 


y 4 Jip^ (jUJIj&l (JlLa CjUiZ*L a Y - d 

Jxu-yj ^ Q JCj5(J U - fc t )l oljb APy«J>v4 y^jlj L ^jby C^w?L>- yb 

•byj^^y 0 (jty yj Jlj^Lil 



0 - Y- 6 ) 


P*aJx,t)dV 


(^Ijb j (jij.Uj lj ps*-9- Ji ^1 y- gjy P*ij uT Ji *£ 

jl ojU^J Li j ,_jiLa_j JJLi ji j_* jj (>jJ (JjL JiL* 

jl c—I OjL* A - \ \ - Y 

Vw = |- J v ** V (*’ t)dV = j t J P W x (*’ 0 ,t] JdV ° 

^ J <S cC^miI ^Tj-* J* OjIj l5\j V° q 

3^ j \j>-\ C^«^p ol jj (j j j «Uz jjJbJjJU 

obj <j c.*.4.4u-> <_£jjb jUj [] «)L*j jl o^Ui^l Lf— \) — f 

f [P%.(X,t)j\dV>= f (P^j J + P*.. }) dv° 

vv° Jv° 


= f (P%. + Vk,kP%JJdV° 

V yo 

Lso 3 Aj L> 

*V-W = f [ > V x ' *> + P % ( x > t)\ dV (T - T - 6 ) 

Jy 


lIaa^I t D 0 T aJ^Ia*« oJ-ti Ajljl ^LJLo j^I^I Aj 

t J x to,/ j4* j* <>^b <i!y.) ij-i A^-iy Oj^ 


*V ft) 


u 


p*.. dp*.. 

l±l + Vjfe rL±i + 

3/ cte*. 




‘ I, [^- + ^ p VA]4K 



.Jui -Ubl y- JjjjlS’U aS - 


Piijt) 


±^dV+ v k P*ij n k dS (T-T-O) 


K j* »J—i jb*jl jlj-i* £«■>- b Pij... U^J*" '- J bi^* j 

Ajljl jjlj ^LJ (JtsZ—it &~a$ »— JL pi *£S ^k-< j' »- L “' J^b *iU»l *J 

Jljj o jl j>u-* b j £>Ja- tijj y'-'j oUiw> 

Jy&5J b 5 tijU- jJa— ^ oljj Qij... Ijil .Jjjl o-Jj ^Li.* 

^ -> J Ji-5 -^lt* 

Q*..W = J Q*ij... (*, t) dS p = J QV (x, t) n p dS (T - X - 0) 


JSLi ji V - \ \ - Y <JjL« jl jJa- ,jjj c—~»L>- £_jy 2*»;.„ f x , t) jl jj aS" 

((^y. (JJb- Ijf JX (H.jb 

(X> = J (Q*ij... + v k,k Q*ijJ dS p~f s e v d5 « 


= f [f Q*ij... + v kk Q\.) t pq ~ Q*ij... v qiP ] ds q (6-T-O) 

^ s 


_j .Ji-i wL^«_j j C ^.LLi tijj ^b i <y\y~ ds. ‘ 

J-S-Jl/sJl 

%. ft) = J * V <* •*) fop (f-l- a) 


jb ^ — ^ N — T <JjL»c« jl ojUi^I L 


X^-o o (SLjI^o 


%.. W — f ^*y... <^p + f 

J c J c 


R *ij... dXq 


( R %. d pq + **yj dX q 


(V - Y - 0) 


<lsL** < fyr cT-6 

cP-^ ojljJl l 5 o jl /L j ^L ^>. yb 4 j 

j>u .X*fc ^T 4 4_*JUa^» *& |»-* . ** -‘> - jl b |».m^ ^o^i> lj 0 l a 5* C**»l oXi o.ita 

>.!>. J” 5 Xojlio 4j ^Lj iC*-I |*-M^- ^5—^1 C^w=>L>- L JaJ 'j+ {Jr 
fj 5 ?" ^ m .xib oUj j jl C-wjI ^jSbo -4 j>^>- ojlXl . d£J>- j} 

x- c c~J UlLo A m ^S { y9ji jfi\ j tXil ^jl>- ^Xj^SLj jjA F <Jb>-^^>o- 


P = lim ^ 

AV-o A F 


0 -r-a) 


P (iXjj£a ol jJ j^r ^ [> J^r *S X^ uiyu \j p = P (*, t) ^pJip o!jX 4 

•^P’lt 4 ^br! jij ^.b ^ !*■**>■ ^b<j m .jjta ^b t aJ^>J 


= f p (x,t) dV 
J v 


(t -r-a) 


P- P. (^ JlSb*- ol-Ufl v^«*^(aJj!) ^-j-« ^XjjSLu ^c>- j»^>- tjl 

• '—Atj*j jij JljScjl 


= f P-(X, 

J v° 


rj <iF° 


or - r - 0 ) 


jJU c-^jr jl ( _ J i^~i yt L (_S^_ ^ x5 ^ UjI ^_y> (jlk, (jy& 

(J-jL* Jy —t * ^ .ajU^^-o ^yL; c-jli ^y. jj LU o5^ 



Y o ) ■) (w U<x bo 2 

.o—l jiu» Y - T - 6 

™ = It j p( x > { ) dV= ° (Y-r-o) 

.Owj»b |»^aI j>-P* ij =p jT-T-6 aJ ^ jjjtS'L 

m = f (p+pv^dK=« (6-r-fl) 

J v 


jJ O j-ji o_5 Jl>- Ju L tjl j^XjI i iJLiL 






P + P V y = ° 


(?-r-o) 


Cjjj-+0 Up jJzJL# LI (_£^Jji J5wi jJ jJj(xo Aj i_JjjA^> a5" 

Ajui jJ Jji y 


p = -32- + v,.ie. 

dt dX,: 


, o— jj jjj o>jLo< JS— jj ij f — Y" — 0 j— 


-¥- +v <-^- +p v v = 


ar 


cfc, 


-j- + (p v i),« = 

Of 


Miv-r-6) 

u 

(yV-r-O) 


jl ^IjjIjj .jcj i&S(jZ Ij ojL» p — o jLil ijiolj olji ^JlSo^- ^ 5*1 

. ^ J^L- aju-j^u iau>T^> P — Y* — 6 aJ jLcfl 


v-■ =0 L div y = 


(A - r - 0) 


La^wUjjSwj ^»Lx_j jLwisj ^jJcLu-4 ^j>- (jUj jjjli oj->- 





( \ .i VV o / ^ (j* 6b cSLui lS!o 


.bj_jl c— vJj (_ 5 jL»- j J® ^ ^Jjj jl lj t ^'~*‘js!, A-taL*-* d)l 

jiji^^jL^ijr-r-ojY-r-o oVjLw/i^, 


m = ( p (x, t) dV = J p. (X,fJdF° (<\-r- 6 ) 

•/Y Jy® 


pj j!^ x — x (X ; t) ^ ^j**> 4^jp 


f p[x(X,r;,f]dF= f pfx,o/^ 

V V vv° 


L j |»-o LoJ ^ — T — D l>- !j aJj!jc« ^l o-^lj o-«— £\ o^5*1 

.C^lj y>- 4-Z-J^Lo^ 

f [p(x,r;/-p. (X,r)]dF> = o 

v y° 

c£->L* jj c^<t ^jL^I F° U 

pj =p. Mh. - r-a) 

j-i p. = 0 t <1)1 jJ 

(pj) = o (ui.-r-c) 

•- u -*t' ( _r 4 ^JbLc* ^jU L <_5_5jl jS’V JSLi lj \ * - Y - 6 

<■■« * « * * i (jl jl ^Uoi a? -Laj jLij ) _ f _ (J(z« 

.xS^» 

(_j \» - x - C> aJjLw ji o j-i »bli jl-ij <£j£j~~i\jij3 (_jl ji -1 L (J&- 

(pjj = pj + pj = o 





(jr* J i • '* t (Z*[Jjlxo j 


r»r 


/ = v i;i J 


9 — ^ ^ — T la .*y J 


(W) = J (p + P v i,i) = ° 


f-U 1 ' 5 


4^" C ■ ■ wjl LmmA (‘ "• -^ j)" .Aj^rf^^AA im£*P)J dct F ^ O Ul 


P + P v .;«- = • 


- Li ' J .i_f* y jJ cs^^yi <JjUa 

jj Jlj^Jl (_$jL* (^Ij-; XjL» 1-^-: olyy -^y - )J 

OjU^V Oljj jpA%. v >Ul>L^PV \ - Y - 6 aJjUa 

u-L- 1 ^1 ^ ±c>t}j* o~.sU- j* jl c~J 

V« - | / v AV f.Opr-j; J/V (*. 

= f [^V(W+^V(W1^ 

v y° 


.JbL^ jj j Ojj->us>4j \ o — Y* — 6 aJ*5" 

p*lW- f = f A\„pdv 

Jy° J V 

J 

■f f (*,t)pdv= f >*„ (x,t) P dv (\\-r-o) 

af Jy J y 


^jjb lj <ljL*y ^jl j! ojUlJ (^I^j 



\ t ?. 


f y (^Lib Jd Uh^o dLj(£c 


c+Sj>- oYjLco i |p ^ iu>4 jL*/ f - £ 

5 j K |*^>*>- t- 5 sj ^ijta (_ 5 ^U> 4 Ju»j*j i^ 5 sj 

^ - 6 jSLi JjLL« pbi oij^S Lj ^>^ j r/ n ^ L $U L; iJti' 

|0 j ” - a o . X^\j^y ‘ — ^y~ Vj* V| - (x > O - ^ y~> 0 ^-^^ 0 <i > ij jt-^^ t oj^Kju 

•■ 5 > i i_r 4 '-kj* J jij j'v. (*-^r 

p i (0 = f pVidV 0 - T - 6) 

J V 


tSjj-J Lj cu-I olji-i; ^Uj £y *S xS^y, oL J*>- <>yx^> J^l j 

\ - 6 J£-s *i °r J <3^* J^* 1 ‘ ailn^i (*-“■?■ ji J jb 

|- J pVi dV= j t& dS + J pbi dV (Y-T-6) 



\ -6 JSli, 

1 o 5 jj>- JU- ,*^>- 


JI^SojI j-jJ Ojij J ±jS J-Uo p-«- Ji^ScJl AJ lj Jl^1 <j\y t[ ^ = OTy, tty o^ 

cri T - T - 6 ^>- \ ^ - y* - 6 aJjLc* jl o^UlmJ L .j jS Jy 

pJjta Cj^L<k>~ 




q* j Ljw o//jtxo $ * d 


I (pv,- - Oji tj - pbi) dV = • (r-T-d) 

J v 

juL» Jlj^Jl (J -j o-J ^jLj ^-1 K t Ljj*» oti o^-V 0 ^i ^ ^ 

Ojij + pbi =pv> (T-Y-d) 


.JLSl^ ^ ci>> c5 JlfiHo c,UjU* <* 

<j cJ)h U-« V; = o jj c-l cujIj l ^ 

JuL^ (Jj(a* ci*IIj(a4 

°)h] + Pbi = ° (d - Y ~ d) 

.O-J |» ^o olJL^ls^- j-i a5" 


izSj^- jJljSy oV^U» t cJj-Jj-5"- jin & & 

J5w ji (T - T - 6 oMjLiw) oSy- o^(jLfc» tJ-i ojLil i y 

, " :j i . 5yZ>jS — ji '—■ O'bl.iL** jjl • l *""'" 4 ' 

j*-® cj^y 

a ^jiu jj~Jl_J A_; jLc_« <Jy ^ csLa-^J y t r - T jl cSjj'j'j ^ 

4_£j JUjj (_$IjIj <_£aL« a~* iSjj <jr~* J^ji ^ J•* Cj^°^ * J^**^* - '—* l Lj xj 

.c—I oJui ujLyu y JL*y yj ^ J y- ^y o = ®j 

jLib oJui »jIji y <S-^t£-zi, y <J J '- 4 g}** *i '-&- '-^iy* ; ‘j’^-* 1 

Ck' Ls'yr 1 j j -^kcy 0 p-®b* ^y* <-S- Uj .j% ^ ^ -^V lt^' jy- 3 ^ ^ ^ 3 1 j 

^XjjSLj L i»Jy ^^ j_j-JLr (jly T - T c~*—i y *5" (jl^n-y L> <■ 

/T^\ 

j^_o_c- jj A 5° »jy *-; '—■■ ; ■■ ■■ ’ j^ 3 y. uly* 4 -; P J^ 3 ji 

0 jui uijyt: \ - T - t aJjLw ji Jiz j\iy *$ ^j N = a 5^ JL*y y 

. C • -~»jj O^y t*— 


lim 

AS°-» • 


A f 

A 5° 


df = o(Nj 
d5° F 


0 - 0 - 6 ) 




Ot~* *1^4-0 &Z+**y+* (J Lib Jd^Xkq C-Sujtto 


•*y. A S ^ry 1^c^-l ^Ja-* j jlj 4 j>w>» A f dJ y a5" 

ojIj C r «*.» £fTj+ Aj aS'^Uc^' JjljJ^ Ju^l 

. £ijJ» *cj*y ji_j C*)jj+04 J JuioJlA 

I p^ (X, l) dS° + f p.b°(X, t) dV° = f p. a°fx, fj dF> 

•'S* ‘'v° ^V' 

(Y-£>-£» 

tS-UjjSL-. 4_> X-—J j tSjU ^>o~ t <^jU jJa- ^Jjsop. jV° , S° ut ji *S 

a-S’i—I ( _ J ~«-il_j x^l; <_sjjj eiji jISj UjJ <S" juo o«i>>Vt ..r.,;.„^> £»-^ 

tJlL# o-Li AJLi^j £^Tj* -jJ £jlj 

(x, o = a, [%(X, 0, t ] = a°i (X, t) 

d j dt jy\j \ c-Ui**a oUai^» ^ IacmS'^Lj dy? < S'o-y 

^Ijj jj .AaJj otf) lj <—jli-i Ij jwlo^b JUijl JI^So! Jji-b Aj Ij f - y - T aLU^o jj 

r^ //j/ ^Uc^i^ijT-a-a aLi^ulsi^i r-r a>ji ajLl- 

fO^cr* (*—j (v^~*i o-Ui >—v-aJI T - T jSLi a^aJ^jUj*) 

jij aJ^I** aj Ij 


[ P° W + p of "^ ] dS° = 


(r-6-6) 


,j-u iX-li (*—*>- jJa*- (_5jLiJ.| (_gUc~ « ^.J JjL <JjLw ^ 


poW = _ p or-N) 


(T - 6 - C») 


.c—l xLi; jj p - T - T <JjU. b jS 

£-*rj* oU L iaj^ Ojj—s4j <jl \y (jA Ij p°™ ^ j|^ 


P 0<lA> = P°i lA) e,- , (A = \ , T , T) 


(£>- 0 - 6 ) 



J t+m i>.» O U ■) fco £ ^ 


Ij oU^ ^UouL-j «_, o~J p ofNJ ois >ji <s^y 0* 1 

N <Ji jbj-j L-.jl »JLi >_iij«J eSjL^-' k o-~J u^r" <iU ‘- u ' 5 er 4 

.jLj.1 /I •(Ky.cr* j^i r*^ ->' J 1 ^- ^ ^->-> '-> u ->-* JjU; 

c~£b 4 ^ a ^ >l k b 


p».W = p« <W 


n° = n °/W 

P y4i = P i 


P°i W =P°AiU A 


(P-fi-fi) 

i_i b 
(V - 6 - 0) 

(HJj'cr* °-' A i 
(A - 6 - 0) 


Oil .JLAl^ %> Jj» 4r» <S^yP°Ai o'\y *S 

.Jjti OLiJ JLib^ N gry> JUy ^Ijlj *S ^Ja- <-Sb o»-L*« a»-Ij y 

y Crl 1 3* J o'W-. <3'r"cr* Jjl u^' 3> «^' b 

a ■■■■.. _> Y - 6 - 6 oJiLt* jl b ..>'jjf ^b gry o^jU^ J- 5 ^’ 

1 * • s A ~ C) ~ & *Jjb -4 

f P°Ai N A dS° + f p. b°i dV° = f p. a°i dV° (<\ - i> - 0) 
J s . J v° "v 4 

^ Jjj Oj^o Ij <\ - C> - £> <dil«-* J'/^ 1 CSJJ c r J, 3jr. J V 4 ^ 3* b 

■r^ L y 

f (P°AiA +p. b°i ~p. a°i) dV> = o 

vy> 

JL* jjIjj JIjScSl yj *>>-> ^ -^b jbv. r^ (Jjb-^ 1 <iUc—-i c^iji -kb *3^ .ji 1 


^M+P. b°i=P- a °i 


(i_ojl \ ° - D “ D) 


O^jU- (jjl tJLib J*~° k^ ‘j'-kr® J^ 1 --^btX* C ^>°’ ^ 



O(jtj* (J (jt> <JLj(£) 


r °a 

J j (Z-il^Lxc 

P°AiA + P. b°i = . (<_J \ o - 6 - a) 

-U^J* <^jU oU^ -L. c—J J^S/- *>k tsU-wJ^ ^j>- olisJ- aS^Jj 

.c—.1 »J-i .jIj £r>* ^XjJLj ji aj jj^Jb jj| Iyj 

UuU. ^ v-jUuI Ij aL£ UuU^. aJjI^. <_Sb JjU; 

•• Uj <-r* (-^ • A i i * oLUp c~J c £* Jt \ - & J5bi) Ijl^ 

J s E ijk x jP°k^ ) dS° + j e ijk Xjp, b\ dV° = . (\ \ - £> - C>) 

y.j Cjjj^oaj aS" 

I «jfc [( */ /’V* + Xj p. b\ ] dV> = o 

V yo 

<-**->*■ (itrr 1 1* -(wlaJjj j&j Ij a^AS j A - 6 - 6 aLU. jTjj *S 

•|HJO—X 

I ^ ^U* + j$ fPV^ + P- b °k)\ dV° = . 

v yo 


Oi' V ' ° - & - £> aLL» k-y j 

J ^ ( £ ijk x jA P°.Ak) dV° = o (\ Y - 6 - 0) 

xL yj U-J tJ-iL jlji^ (jU c . w ^Lj ^ jbl aJjIc t fjjb»w 

Aj^uJL) i _3Jl>- 

or-o-a) 


e ijkX jA P°Ak = 


gLg** cz^UgIx o ^ ^ 


fol 


^-a-a aLi~ a^ cjLi Ajiji t - a5 «oLl- ^ a*/Ji^ i 

JtS^jA JM -Xl*J 1J ji3 ^ 

* ; >1 P°Ak - x kA P°Aj (> Y - a - a) 

1*-^ Ij £>LB Gj£\ £\ 


P°Ai - x i,B S BA 


oa-a-a) 


a 5* 3j-j»^ t ~ a a l>- l j 


S AB — %4 0 ^ ^ ^) 

— Qjl&a (f^y* oJ ^ <^y^jS — ^4=? /°3 J cr-~ a5 

iSJy y b \j^£ Lr^" ^ b 

JpLjjI jJj GL>jy04j dS AJLslj J^JKJ ^> ni a»*< *j>" (_£jj dJ--^ Ji-o-pl 

df i = Ojitij ds (w - a - a) 

jJi A^J. jj Jui Ojj-^» L-dj-i jfi- Jj! yGS jy^G y~*>-y jy 

df = p° Ai N A ds° (u-a-a) 

^y>Ja,^ 4 j «uilj Jiw^Ju ^ALjjSLi cjr >*b— *JrT ^ ~ ^ ^ j* ^ 

y>y* 6*\* jij aJojIj LS-^O^ii J* 


n q dS = X Aq JN a dS° 

f-tj^cr* ggu^ju u-a-a jw-a-a l» j ji coU^i i 




(3^ &Z**2** <£ ^ Jou^OjQ cSLj» dSup 


Ill 

dfi = ^ nj dS = Oji X AJ JN a dS° = P°^ <iS° 0<\ -6-6) 

ojLj^ jjj aj aS* 

(°jiX A jJ-P°Ai)N A dS 0 = o (To-6-6) 

^ t b jS"— JjI j <bl**« ^1 jl 

«j I ^ Lfcj j I jj j 

•% = ^;*,j4 (Y ^ -6-6) 

oIjj \ 6 - 6 - 6 aJ^Ia* jl 
Ja ji = *,>1 *42? (Y Y - 6 - 6) 

i?Ljjl jfi- *)Lj Aj IIj tjZlj *S 

i£j-*Lr^ J <£jj\ tS^cr^j^ jrH ^ p-i^b ub£J jl$>- J-ai 

u) 3 * “ ^Laaj ^ia_j j* -*b (l)t*ij ,p*-* X>jJ* 4ii>-^Lo UJ5Lij*j*j 

.C~*-u <£jJjJ> L-d^i J S'- '>Lj j {J t^j ^Uojljbl J*) jjU-Lo 

^ ‘J**- j> ^3^-i/- %ij^jS4 \j>\j> o^b oLiJ ^ 

l/j*-* ^ '^JJ* C~-Jj j^s^A Ij ^pl-UJ J Jj\j^\J V - Y C ^ m J jJ> Ij ^"Ul^, A>i^ 

^i>4 O^-o J it*— 9 ^LajL-J ^Ijf aS" ^Iajj? 4j O-ujI v_£>« ojljbl j&Ij loJ a 5^ €E duJL* <jSnj 

O^jj -Lib £ ejljjl jA d)L»Jb j! 


u iA = ° ( e ) J j G —* « (YT - 0 - 6) 


-^—•** J- 5 '-*-* J tjJj\ tJLi \J^S\t - Y c-—S jj a5" *j _^iLjb 

(Wjlj T -V - *f j \ - V- Y oVjL« ^I^Lj e -» . 




jLi* oi/jUo j Oi-'^ • a ci* 0 ^ 


rn 

b ^ jFUi, ^ ^ csM^ YY - a - a j Y \ - a - a 

lib-! li'^.b <■& Ju -'- J . -> A -kb 1 .)' #* ' ± ^*i <^’ji •• UbJ L^ ^bo' r^- 

^ ^0~* b ck* e -’ ° ^ C —b 

J = 1 £yfc *UBC PiA PjB F k C 

pj jjT C—Jt) b p-^y> Oij^.br b >Ji* J F iA = U iA + ^ °->b* 

J = le ijk eabc (u iA + + VKc + a *c) 

^a>-Li j iSjr? ^ 

J = ±e ijk Eabc [ <5* d jB <5*c + t «*c <5*4 *jb + • 

j £ ijk £ ijk = ? oj^- .JJi^»-t; A^i^j gj— j> /*b j e T v> Jj ** 

SijkPijC ““ ^ 

/ = ^ + U]^ + o (G Y ) 0^ - 6 - 6) 

• ^jb n-a- 6jT\-a-ao^o/i 
.JLib^ ° (G) J /^b.jj l 

a, ; + o fGj = Fbu d Aj + o f£j (Ya - a - a) 

x—x yy - a - a <iU ^ '■£>. b 

Oji = ^ d Ai s B j *$jij g - . (y? - a - a) 


^ ^Uoitjui ^ *i>s ja aia y? - a - a j ra - a - a c/fci~ 

.a JjLfc* l _ 5 ^> UjLiu ^ 




(jLto J s^ C ko ciuJ (Sjs 


nr 

(ifl'kjlj ^^ 0U* jL*/a - £ 

ojl^Jl j! J**U- jU^ O.ijS' U ^-W» ciljJ C~J ^jLp cXp- ojljbl jU^» 

ojljjl £*\j* j* l) (Sj^ji ^ •■* oJ> Ji ^ 4j d~^J L5 Ja>- 

cy^-5 £\A (^l^jjlj <lSy>- ojljjl J^?l .Xjj5^ diy>- 

j (_$L*Jj^J l)U~« yjy j* jJa* ^Ia-Loj 4j C^. J *>■ l 5C o5y» ejljjl jU-* olj~J«j 

L> ^ A" 4 \ “* 0 j-5 oJ^Ji ojIj (jkij ^»->.u.>» (_$|y .d— uj! 4-kdj (jT 4j d»^ mJ ^ ojty y- 

.Jy d&lyi. yj L$b^ C5^jb <^j>- o jljjl t ^kj jJ £S*-y» A la j* 

|- f v e Hk x iP v k dV = J ^x,. 4 ^ dS + J xypfc* <*F(\ - ? - 0) 

j 1 j <i> <!•>>" y*- 3 1 <sJo^ j-> \ \ - r - 6 aJjU-. jjji j15^j L 

•*y*ks* .l&Tf/ ^ = < 4 * n ? (jjL-j j-—- j Jlj&Jl jj 

f £ y* f x i (P v k -° q k, q - pb/J -o jk ]dV= . 


Ab^jr 4 jdj JSw 4j *£ 


1 


£ y* <J /tf ^ = 


(V-P-6) 


.:..:C1_> jLoJ ji cu»*Ap u«9l> j (o5^>- CjVjUj) f - f - 0 <JjLw jisliti iS 

i —i-i>- XjL JIjSoI cS^H I^jl>v« t ~ • ■ -1 

£ »y* o*y = • (X - ? - 6) 

jj a 5" 4j- £ .o—l ujU-> ,ji- ;L" j a k j = a jk jj-i^ »jIj oLiJ i*-- L a5" 

(Tjj ‘ ' “ ^ <!•>'" dy ^l-ojlj oS> .jljGl J—l o^jL« J_Soj 

•^j'j iSjr'j-^ oL-> _^l .0—1 6.U— JLjiI ,^_JJ ( _^>e»- L L y»«ia— 

<J^Ua Ul .o-J j\jj'/jiO Oiy OjU-. cwpU- j tXi/^ C5 ^J Ij jl^. 0j- * 





nr 


o// j Lxc 2 


<^Jji *jy* WhJ *£ c~J cuou^j <3L ^1 tJui ojli! T A^a* j* *S 




(jjjSl *bL*^ <.(jjjjl (j\Jb J^lv - A 

j->)ji 4j iJ Lx>- ^yLj Xi^^A <jLL Ju^i 

Lx ^iL^l 4 j j ^J> r , ] a.«.ri ^Ia j^o Jxuj^J oJLi fUul jis' ^ 

jt\** Jll« (^Ijj .sjJrt^pA £jt>- jl L jjlj 4 j oL»j Jl>-Ij *& 

(_£ l*A (_£ I JaA 3 (w^LS*I j-i .^j-JL L ^ ^Jg LJLo c ^jSsj^iSnJI <. l/jIt 9- (J—^ 

£jj j 1 j| j0 - Li '-i LS X i j^ 1 fji j f.jSy b L jJy J 

■ J ji> 

<Ji£j>- CjV.il*-* jl O^yy b iSjj\ Hyi *si^j^aj y ^SLjl^ ^£jy\ \ali _jS"l 

b jij '~ J jy P * J . tiJjLc-* y>jj <-Su Uol jj .Jjjl cLw<Jj (V - Y - 6 4 J. 1 L- 0 ) 

(J^*" J j £*bj j»'>«.. > - jl F <_gjLi»-l (*->»»- <-& *-05(JU»il il^* ^.7. ■ </v (Jjy>l Cl_(jjs 

jl Cywujl OjLp \ — 6 

K"(X)=.|J pv.vdK=^.J pviVidV (\-v-6) 


^j iS^Jjir 1 oXX ^1>«->I jiS L ^5 Lj> fiZo (j($* £j*x >«-^a 

.jj-ci^o lJljjxS jjj &Xp aJojIj L c~J oJui ojL oLij 

fW= f ^ V,. dS + f pft ; . V; dF (T - V - 6) 

VC V V 


•kjs^i ^ b ,^- |j es-r^r cS- 5 !-* o>^l 

k ~ 7 t J V T w.^=-f l f>M*v 

= f p(v,- vj dV= f v ; fa,y + pfc,.) dF 

V V v v 



(j* &Z+**y*± Ub Jd^j Ck o tSLjfSuo 


rn 6 

,c~mJ oJLi o^jj jl^j jjJ o^jjl o-^«b iS^ji ^ ~ Y “ & aJjLc* (jl jj a5" 

jV&jJ = fv- &ij)j - ViJ Oij U! 

£ = I {phVi + (ViV^j-VijO^dV 
J v 

ojUl-dv^y = Z) ; y + Tf^y Ajjp*j jl j J-J A«^ ua g i^UisJ !j ^ l a >*»j aJL*j** j^l 

ol^jt Lj 

K = f pbi Vi dV+ f t/ A) Vi dS- f Oij Dij dV (r - V - 6) 


.jlj jLiJ £)l y jij Ojj-^Aj lj OjLp ^jI T — V — 6 aJjIjc* l_aj j*J jl 
k + 5 = P (Y - V - 6) 

Jl^&jl ol jj aS* 

5=f OijDijdV^ f frfci. D)<*K (6-V-6) 

v y J y 

(Jj^hI d-^Lfcj (j(y lj a^j Djj Jl^ScJl ^jj OjLp J aj i-ijjA* 

la > oJLwj jIS* ^JS" ^ ^ 0 aS* Q»*»iI oJLuu AjIjI Y V & aJ^Ijc* Ja^^j 

jLS* <*-*) J Am-) O-UL^^flj ^ Jjiuljil 0 1 jl 

l*+*y oJlJi ^U*jl 

4 j jfToLu <J1^^ol v-^j (jl^iPAj oly^^ lj S 4 ^15* 

5 56 I" J v r ^ dK P-V- 6 ) 


l>* *jlj Ijj j 


1*1 Jjlj |*-Jl jjj aJjLca 1 jj Jl^£i3l j)j oly ^aj a £jjljj j jJL*- 4 £*t>- ^ 

^ j-> 



pu dV = 


L 


pu dV 


(V - V - 6) 





c- UjIx> } ^ 


ria 

(fy>- J*-lj jj) Jjjjl (SJJ*! u J <5^ j CSjJ^b U &\ ji *S 

Jii Jjbly>- T - V - 6 aJjIc« 

— f P ( — P v i v i + wj dK = f pb t Vi dV + f */ n ^ v,- dS 
dt J v r Jv J s 

(i_A)l A - V - 6) 
j^is.1 L 

k + U = P (uA-V-fl) 

jj jyk (yj c. - .*! *-A*i “I |cSbrt ^ J ^) 
jla <j> »jlJul V *~*j Cri* J j ^ J ->* J 3 J^J <-Sj~*^ jj- 4 * 3 -* • c ~" 1 #xi 

jLS - jl ;■> , -..i aJ - jLij A - V - 6 c/iljk* *S |*jjb Aj»-yr •(■>>>- <-ii u 

o^ylli-lj cSjyl Jj-" 04 -! j ^ yV-r tSjj^ J j tTi!}*' '~r^y > P crfj^ 

^Jb Lfhjj-3 JaIjU j 3 jtoJjl <-£~—'}ll t Jj •> (*-~ 4 >l_H i - J- 33 J 3 

a_j ^jly*- <jjyl <jl j'jr 4 4 j ‘ <5^^° (S'Jl** <, ' " , 3-r '^ e>u5 '"^A tSbi 

jl C.A.A.J OjLp AiLupl |»..A,A * ^ 


(2 = f pr dV - f qttiidS (^-v-G) 

J v J s 

Ij ^jJl^ jJjj ^jL« ia-ijj ^>- «^L> j* 5 Ojl^>- 0l 6(j^ r <^*V* 

a5" -UajS^ j'v. b <?; j'v. • c ~"' £?* *i , - > Jj*~ c J ^<j* 

±jf\j j» c~»-L~« J>-lj jj (JjS-1-Ij Ojly>- oT dlj^ 4 aj ^ j' c -* 4 ' 

JJ oi 1 3 1 ) 3 J-^cr 4 ^. ljJb ln i u^Jjri ^=> *A JL*j3 A5"d5 ^y-^k- <.yr _,j jkj 

c-jIju. Jjl u <li J>j\y" j^* 4 j j-a^ ^-((Kj^ ^ - v - 6 aJjU^» ja 

.c—I c-aJ b ^iJJ 3 Lr’jb 9 " 
qi = -KTi L q = - kVT (\.-V-6) 

0yLi jl aIj — 4 ^l- 4 ^ Oy* - L»l .Cwl Ojb»■ ^j 3 <jlj‘ > b^^'.» J csob^ - *—k ol j 3 *5" 



(£ Ltb Js^ck o cSLj ^Swj 


n? 


***■* i->* j^aj <»J-^lS'^oj CL»-otJ (JUj IjlA 

<Sj L^ ^>L^I ^jjJl J^ilS* JjU; c ^jl j>- ^jy\ olla^^U 6^jS' AiUil L 

jij aS* Cw <I a — \ ~ Ci aJjL*^ 


A: + £/ = P + Q (i_aJI U - V - 6) 


£ 

dt 



( | v,- V,. + u) dV = 



, v,- + r) dK + 



v,- - qi n, ) dS 


(«~> " -V-6) 

j«—j L»_i soS"j»- oVjL»a jl j JljScjl Aj lj ^.ia.* Jlj£iil jS"l 

j l«J N N — V — D aJjIa^ ai^L ^j£*-aIS* c (Y — Y ~ 6 aJjLl*) 



-OijDij-pr-qii) dV = o 



- ct : D -pr + V . q) dV = 


Mi \ Y - V - A) 

j^jaj L 

S = U-Q ( v \Y - V - A) 


« L-> 4jL*,Zj Jj ^ (J'lhz jl^PAj oliji a5" 

.*5jta iaLjjl ^ - SL 76ua ^Jj6c aj aJ^L^ jl Y — V — A 

LTi!>^ tijj-’* Aj A^ l CU-J ^Uj^J Ja~. ^7 oJui fUJ 

b *-& ci^ J J-+** jja p^j>- J^-b Cjj\j>- aS 'Jt-j JuL^ 

^fl-ii \Y — V — A aJ^L*^ JijSol j^b jiy L jI a£* ^/v*i* 

Ij l)1-L^> aJjIa* tji-Ma 

pu - Oij Dij -pr + q ifi = o L pu ~ a : D -pr + d/v q = o (^ t - V - A) 


o-U«Ij <djlxo aS' 

cSj>- ji u mAaLmwO t — V — A aJjIa^o (^Jjji J^L*J C 





.o*J J^IS* fjj jjl jl o^-«J uSb <5*OS'^>- ojljul J-S<s>l) o—I JU 

(J^l o^jI—S oL-ji (jL^A ^ ^ — V “ Ci aJ.}Lc« j)lla.o (Jjlatj t-UiL 0 JLJ 1 ^J-«Lji» ^y" {£jj^ ^ 

JjUl AJa^-*^ Aj jLj AO* j^j iao^o ^SwoLj 3 j-«y Jj.IS' .O-mJ l^L^Lj J >j 

oI^j^ Ij jjjli .|Wjb l5w »Ljoj^ jj 0^15 j t Ojl j>~ <>?y ^Ujljo 

\S~j[S*A (_$jjjl £*L>- j±j«j2 t jj (jLjI o-^<>— aI .jj_j jiSL ^M/Lorfi oLvs^^3 ^*j1j ^So*j! j 

^jjL_4 Villi' <0^_>-jL>- jl £jU- ^jjUi>“'jL« (jy^ Loi tO-uJ ^j-U jj AO^j-j ^LbJa-j>t^ 

. JUiL^o 


fkp - ^jtjySdsUAj^jjHiA - d 

J6 J>jj* JjJ-J oJLU jl JL> tJLi aJ yv-D 4i' c $j^oUjb ^j^ji ^LL 

^^>-j jik* Jj-UJ oJLIi Jj LoutSjL ^UjcjI y (S^ji t^l -* j*?J ^ Ojly*- j 

4U>-lOi Jj-LJ £jj\j>- Aj iS'I^Lm?! j\ j3 jIS' *S\j ^yJL- cAj j-oJ ^IjJ Ujljb 

jl jjiaA-j (jlj7^*-J aS* ^jjc* jjJ I Aj 0~~-J ^jL^tj Jjli jl LI cC^I oJui 

cSLo^O Jycy oj-^->l tjjil .«3jJ 0 jfy ^4-1 y (S^J. < '—' , jl j*" 


^SiyA^S <-5Lw*Lj3j^j jl OjliLu L5 -ijj AJ Ij (J^jli (.AUmj^J ^Liao^JJ l5LjISL 

o.il_ioJ (_$jjjl j Ojlj>- l)L j>~ Oj 3j-L>*j> JUpI (^IjJ O^b jl c^Qaj <jl j* .JUS^o o^liL^il 
j3 j -US'^J-<*p ^c^-L* oljjj^^*-* (_$IaJL^j jLj .o—l oJLi 

A.^*jl L tJUS' V—Ajlj^ (j^Lj L l^u J>jI-Xj jIS* —UJ^j jj»* Aj I aS' 

(jl j-jI L^Uj j -US'jj aS* pjjLj (^l^-L-«<j 0-ujI (, y i yiS^^ 

uSLjISL« jj .(^ 0 t^lijjj j ^Llj <jj) JUiL ^ y*y* jl Ojl \y>~ Jiol 

®-Ui Sl>Ul AJO j-j Jau^Ijj La Cj ^ j Jj>w« JI^pI OjjU jl ^jLj cAJOj-j iao^o 

^**>Lj ^l^j cS^?j ^j-lLo-pl ^L&Oo 5jS>**a (.aj^aj^j ^Ia ,la*>tj> ^jISU jJ JU>^yb .0-^1 

.Jj ajuS' (j ^tib L t©jL« 

o^b iaL-Jjl e$lj-> (jr-^lj olj^-fr A_J ( ^f3^oO l5 SL^>Lj Jjjj j^»ljL 

4^woIjI_j j I j! o^L u —«-fc>i Lj .Owwtfl oJo ^3 y *—* ^-j jlj-^" j ^ISU ^Lb^AjL 

j3 aJjIa^ ^I jl .O-jjI o-Ui (jlu J _ Q»yj U$ aJ^Ll^o J^w Aj t-^-«Lj 3^o 

^1^4 Jj-O j p-Luu-« (^1^ cSLfc^L y (^yJiA ^LaiOj byJ>>%A (j^b j|^3 {$\y 

.Cm»*>l oJ lu ojLaLm*! 

^^-^b (_$jj->I j—> aS* JJjb *yyj L ydi>*A ^Uo^Sao^j Ja^^o ^l^j ^yl-^ ^ 




&Z***y±£ (^Ltb Jom+C*. 0 


ru 


JUl>- jL^Ij$* ^UbAjiJ j*« t <JfoJjf jl^ .«Ujf«A^*j fj 

^Jjjl 0 JLU5" 0j*>0 aS* fj J-i J 2?*-' 4jdy* *J tJSw J^fj^ * J^° J** 

j J 4Sjl£ ^SLbO^w Ojoj^ CZ*Jt& j—U tf-^j^fjb Aj .OOAJ^r* 

.JL*i jla! j>- ojl^ (jL*-«j v W y...^Vy^v^ aJLm*jjaj 

jjI*Aj tJLAj^ jij3 ^-u fj C*>w Sj |*-M^>- cSjj^ ‘*-^^ > ’jdJ 

JJLOmt* jJlSwl ^iLs^t jZa\j\j Sj of^«>Jb aj cJU-jjJ aS^ JloS' ji .xS^jaj l-AJ"j*j fj 01 j-tf 
Ij j-i oita jij J£*£ ^ C~*f <—Ajij*j .JUiL ^IS* tSjJ^ *—*J j*J tj 

U =/fo v„ v Y , ...,v„) 0 - A-a) 

(?} °fjf —j aj j*£^* ®^f^ ^■^"jf t cz*J(i> tSLjJiS aJo6l o of^*^ aj of jf , wJlp1 aS* 

jb-5" Jjljf J oJL-i C_ij^*_J £-j—Aj ^JU-ta (Sjj\ 1^1 j^ •«*AIA? <jtf> J-CWC *0 

.JOS'^* ^U»«jf fj cSLo fcw J^cjZ <zJtoV Jp ...,V 1 ,V ) AiL^I Aj TJ <—~fy iCm>I oJUi o^jjf CjJl>-jjj 

.C—I Jyj\ Aj CJ-^wwJ <£jj >f A>wJli l* .3 


0 = -*L 

drj 


(T-A-6) 


cJL>j_iJ ^La jJlL^a A_j c 


,_J»- |j tSjjj* j' i/rr ‘Oi 1 >. »/>U 

.Jla^^o a^Oj fj l^woUj ^ ^bb^Jtot S ' t^^w«Uj ^jr*jj 


r« = 


du_ 

dv« 


or-A-a) 


-ijj jjj ^ji <j fj ^i^f^ (_$j^jf ^L«^fjAjo JSLi ofjo^j^ l 5^ jl o^Lflju*»l L 


du = 0d>; + 2 t <Ao 


(T-A-0) 


( _5L» l _ r i-i5' ^ j A_i»-jj j^jb <Si oJJbLJL* T-A-6 j \-A-6 j' 

jf jJ > Jb ( J I* t .* 4JL^jrU J ji><j JljfoJLi l-LjxJ aS* ^yuf jj <*Jb aS^Ju f { jJp Jt L 

.‘JU-orff Jj jl^«f Ojl y>- Aj>-j^ O^L*->* ^JjIjI J»>- c JLOifj ofj>J^ A-Jjjb 

^ = ^v fl ) (a_ A _a) 





<Z,Uj(xq $ : A cpai 


ji V-M*>jJ LJ^ 1 ^ l£3j^ L^ly. v *—^i C^** 6 (j^J 

.jjj-i ^yj&U- cJU-jjJ (iU^ljU j Ojly>- 

1/ = w(0, \ a ) (p-A-6) 

.JiaoI j cJU- ^jl^>- iajJjj ^Juyu jlS^l V - A—6 aJ^I*^ jJ <^i ji o^Ul^i 
*a = **($ v fl ) (V-A-6) 

.Jlaj^o aj^Ju ij cJl>-jjj ^Lft^uijL jl aS* 

V fl = V fl (0 ; t a ) (A - A - 6) 

Aj OmmiI a 5* ji-^ J*-*^ ^iji-^ J* 4 ,/ ‘—'^i 

L.Aj j4t> jjJ 

u (v^aJK - A - D) l 5 J^-'^ C^jyi 

\p — u - r]9 (<~j^ - A - A) .ilji (^j^i 

X = «-2 r a v fl (y^-A-O^bSl 

a 

£=X-»70 = «- '70-2 t <. v <. (cA - A - A) jljl 

a 

.JjliiJ *j jjj aJjLw I; IaJ~J b; £jl 

u-ip + £,~x = 0 (\»-A-£>) 

oJtjj Ji;«^ (_glA j i*** ^ * * * r j 1 <-^i j* J ^bb"® j J 0^*^ lSjj^ 


» 7 , v a ; 0, v a ; »?, t a ; 9, t a 


(U - A -0) 


oUl .c~J jUx; = x,(Xa, i) gU ^ .k~*v. ^U- C-S^s- ^ 

jjlj Ij ij jil tjl JjUa L 1 9 40jlj»- <i*-jj diJj^ *iL»l <j jLj ( _jSv~»Uj j j 

..UZ.M.A jL*j J C~AJ jA Ljjl JJ jA *£ 

9 = 9(X a, 0 b V = *K*a 0 (\Y - A - 6) 




£}£*** Juy fr -0 Lib J ok+ fr d 0 cSl«J fio 


rro 


o^b 


j-iJ 4 ^- 3 ^ > 4-4-0 4 j J5* JjIjI ol56! <*^cS ui jla« * p 0 Jti*-> 4j !j J^>- 4j>-jj 


H = f 

J P 


(>r - a - <a) 


J 5 ^ ^ 3^ (^r/ 7 xJy j 


= fpy^ 

j p 


0? - A- 6) 


JUj 4j 4^^IajjS*4j ij (jjjli .C~J JbJ^/^)l5L-l C~*5*45* 

tOji^>- o^i jJl j-> ^jyj' j 3 4 ji'ji 

43 {***? $P lT^I tSlrt ^ L5^J6^ 4iL3l 4 j c-^-J 61 4 j JJ jL* 

•■*>** lT* yj J5w 

J 3 ^,^ 3 0>»U 04^ 4j Ij L* v.-«l la * CL*.y,* JlJ^j ojl 

Jj—» pLib^j^ 




0?-A-fl) 


L» .j^oLh. lSjJj- 4 ' ^cSLa^jj L Ij L5 l5'JS6i ^1 

^jLr^ °j 4^ L$!y. LT^bjJd- 3 V-a3 l $ j J*j15'4j 




<-» 1* jl ‘Di 1 Ji 

^ly.lij t(. .L;..-.j (_, \ \-f-G aJjLw ^-6 L r^-v) .c—I »-Li jJol—f 





rn 


Z Lm CZ* U Z Lx o y ^ 


l[ m - p t + (IIK £ ' <w ' A ' £,) 

:^jjb tc^l yJ oj Jlj&l j <3^U? !•—*>■ jl y* ^iy yj aS'LJI j\ j 

m - p h + (%‘ ph - pr e + ^-W q ' e ' z ‘ 

.C~J (^Ji\A-A-£) Oj^3 Aj fUj.5- ^^J^aLLc* tyjlyL 

/>&/ - pr + q iti - qfi t i ^ A - A - 6) 

aLLo cJL yj j.> aSLa ^*ySi = @,i 4j . ^-oLr*" ^J- 3 

IJbJ^yy yj J5L. aj (<—aJi\A-A-6) 

pOq - pr + q ifi - qigi > <> (v \ A - A - 6 ) 

^jS* Jla! y^- y>lk OjLy- y yj lj iSjj^ J ^ Y—W—& aJL» ^j.L <yJ 

a^ij j*Ujj - aJjU- 4 ji (^^Ij Jz*\£ J5w j 

pOrj - pii + Dij ay - -^- q^i > ° 0 <\ - A - &) 

<i^ y**’ <i' y. *yj& L> ( L*j j - ^yy.'S^ j' ^.W 5 J^* 5 '-^i 

,c~J ^yLuo JjU oUt ^y-Ly 

xP + TJ0 - Dij Oy - ± qigi > ° (Xo-A-D) 

iXy (jlo y« jJ jy U <£+z+*yt ilj* ji ,^L L* i ~*i H ^ 

J-*Li a_$* L y*--*lj aI^ja—) Jj Lj ^5L15L^«j_j a^^-_j t L ^ 

ASZjj Jay«^ JJjS* ya^^JL* <^ly .-ijL yaiht-i** tC^-i L5 ^«L^^«y J L 5^L15 Lo (jUu*L 





(j(y* cSLj (£o 


rrr 


a5"J9 ]a^>^a ^*J>- .J-£L o-Ui L-AJjAj JjIj Jpoy JL jS < P( J-*IS"j jl?<U 

c^jLo $k* J 0 U 3 <u A^oij gb C^L* L l 5 SL«Lo>v XjJy ,C~*\X ]?{£> 

•*y. -^Lp" ji j <1 .c~J oJLi ^_ajjaJ 

X /‘ ~ Xi(^0 ^Uai C^j*3y> - \ 

®ij a ij(X,t) jji-u jj—jI“ — T 
bi = ^(A^) (*J>- ^lj y <3J^ ~t 

M = ll(X f t ) ^ y^uA ^^ 13 -b (Jj^jl —T 

?i = ?i(^0 J J^jr*" jl-*i jbjj 

r = r(A£f) J^~!j Ojl^ 0 j*>o 

*7 = 7 (^C 0 ^1 -v 

0 = 0(A^) (c~i« <JL^jb) Ojl^ -A 

3j1^1j j {jZ^y* J^Uj L Ji\y jIaS£ j\j O-ju* ^1 jl 

J T-Y-6 iuljj Jj jSbi jj JjU; 0>li ji ,jil .xjo^ ^bj^ xJji JXbiJ 

j(_^j J-i jl OjUi» yS J5bi b y_j ji j jjlojui 4 jb MT-V-6 


°ji,j ~ Pi>i = ~pbi 

pu - o^ + q ipi = pr (\ - - 0) 

ji i SJji J »j^~i >■ £jj (_5>-jL»- j-jI" tjSbi ^1 *j Li ^l^i j y 

JV '• < li ‘ £ t0 »y <- x i Oijfi L yoi%*i~o l$x *S ^b^ ji j o—I oXi sjb jlji c , -. ... Ij .-., .. 

.X)j£^ ,j—«J \ -<\-0 Jajljj jl bj J r oXb—ib Xj Iji £j|j Ji J o—I ^yilS - 6 
Ji UiXj ‘f *i (•Ji jl 

aLL* o\ys. *J \o-A-0 -»Jjbw J*C jj b .0—1 ^yli ^bn^—b 
ojai .£>jj. xb ^Jj\jp~ jbi J t^jjil oljT ^jjS t( jix ^IjJ a 5" JjX^ »XkLi^ 

tjj— j .o—l ScjiX**. jjJu- J—>1 t^U (jbjb. ijy, ji ^L.1 y b is^^jji. 

.{Wtr 

JJ^” l>" -k^. t0 ' 5 ^ t-Sb ^L-l aLI** ji iy.y, Jix— jJCj> <Jb 

L j ejL» ex J—>1 tojL Ojlx ,jb>ji b jUX" j^ku aj a5^T jL° t xib Aoib 




rrr 


J Cl* // £xo ^ ^ 


.jLilt v^^lljO 

^..« 7 (jLj^lj? 4 j 4JLw*jIj £-^lj £>Jy> *& vl—l oJ-i U^y o^U 

ji-ji t^ily.Uj .iy. ^y~ <->)y **rj* b^J j Ojl>»- ^»-jJ 

O'j = a^Ag,); V> = WiA,0&); 

V = b(FiA,o,gi); qi = <M^Ag,); (x - <\ - £>) 


u ^_o ‘t (_$!^ ~ .Ajl»xi oO jj l$jt jiAl* j £jlji tSly. £“4 £.'> ji' 

.c~J ‘uij jl5* 4j jIjXo ji £m*L £j^> 

jt Jix— ^U^JO* jl Ojj~e *i Jj M 1 P 3^ 3 1 ojUi-l ji 

(jLu 

a -'~ b) 

JSji jl al/ Jltj jxO* iS^.^r j^SV-i-T *J^j' b ^l~> 

.0-1 .JLS t 53l-.al- Jgis oW/j ^'/j' *i 


<i> 


__ d$ 


dF L 


iA 


LijFjA 


+ iit 

d0 


d$> 
dgi ‘ 


('t-^-&) 


■ r J> J>JL. (ij/jyS'U j Yo-A- 6 j4 lM-6 *Jal~ (ijlj^.W t 



,<a 


-<\-£>) 


Ojji i^yOiPij £jjj~o *J *Sb jl ^U- -o (ji- o'y b-^-b aJjU» J j *s^<*ry 

0>£ *ibJ>\ J o—l jjUia ijij tO— I jiS" (jjJ ‘O— I «j-i *—.jj OijLij CJjyJ>*J 

4 jU—I Owpj—> jlj al.o—l *-t p 0 o j A J^ 9 ' J- 3 4; Vi-)' - o—5 

OLjal^iaUJljJ jJu^ jail jUa|/ ^ c—J aljT cSj^ 1 JjT 4.3 •■*** 

■ O—J Ojii^ ^j^ 94 -! 

o—l ^Lw> oJU- *S t J—L> jiji y L P 0 , ^i i y‘y -^Jj* j* dy. Jj -' j . f-’ J 

Oilj ^Jy! yfLi- jd\*- o\y* V Ojiy- ^ji J oi^ j-i" tgUjlj- Js^ *4-^*°. 





(jlyf (jLtoJx+CKO iSL^tSL, 


rrr 


• J -‘y* L r‘ '- a tj*j y.j <> Ojl 'y a>-ji j J5o j^.ic ^Uol-U* .iyZ 

x ‘ = X(X+t) = Y a + A iA (t)[X A - Y a ] (?-<\- 6) 

e = Oix^t) = «(r) + \A Ai (t) ai (t)]\x A - y,] 

-^.^(0 ^b j <. y jX iia ^ jsbs jj /jl y^ ^ j5 

jj .xxjb oUj jl cS^-ic- gb a(f) j tOUj *J oJj jl iya,(t) t _y_ j^Jb 

Ij/Cuk. dljf^ T AJ Y A 5jjJ 
^(^4>0 = a (0 (V - <\ - £>) 

Fi/tiY^t) = Ai^(t) (a - ^ - d) 

jL jjj Oj^ *, ^jU- jSLi jj ?-<*-& <LL. oJ -i'x^'o-y 

%0 = «(0 + «,<0h - y] (<\ - <\ - 6) 

jij <o y (JjU iJai; ji cjjy- A>-ji at jI / ,yJjibj 

®,‘ = Si = a /(0 ( \ o - ^ - £) 

I \jFtf jgj $ (J\aC^S *S 0—1 j ^-^-6 j A-<\-<S tV-^-A jl 

JJ^AJ d\y tJ A jj Ij Uc^ Oi 1 (> u j t^i 1 Ji • .i/oLoJl Jo- 

jFiA jgi <U g\y .l>Jj Js-J ClSLI gly iSjj i/s-jh <s>jiJJl*j.i ,/oLcJl 

.jjb l^T ^Lj oULlI* 

Ja^ jj .XS Mb t^L ikiJ / ^Ijj tT-^-6 SLL. J uSxxVI ^LL 4 j L 

J >-» 0L/. j>o diy Ob J/*5"(WjL-^ vJ/L -o Ij /; 

0 = o jLij = o *S o-l j*a Olx / .c—l o.U Oj/- -Ufjj 

■ (S ^—6 gj — g ■ .XiL) oilj OjU jlji« Ojl_^»- A>-jl jb jl £ 



(jr* J Lw O U -3 6 to ^ (jS 


rra 


tip(FiA>Q.,g'i) . 

-» -*-a- 


j qi(FiA,o.,g'i)g‘i s • 


wp; olyJ.5 j^aj& dy J C~-1 JjL> (jJCjIji y y pj dyb A^b^l jl ®jby 

^jL*j y ,,» a ^l^jbj o‘ ^ a 1 b ®-Li aj c.*.—*1 

.Juib yua -bb Ojly Ayy <jb jlj^ 


<fy(FjA>Q- >g‘i) 

dgi 


(\\ -<\ -G) 


oWj \ \-<\-£> aJjLc 
: <> JO - 


®Ju1 t_al>«ljl A^y (jly^Aj gi aS’UwI jl 

J Ojl y «yy ub j!j? j! ^yjb oljl (Jjj jl aS - j jb ylit* jjj I _,J 


#(^L4^->g.) 

dgi 


aJjU_® y ^y. aL>^ i_sJl>- i— cuibb*- ^jjl xp — xjj(Fi 4 , 6 ) yy ALtf>U“>b aS” 

.Jyi,y 6-^-6 

oU'iLbl (.6-^-6 aisL> ^y^LS" aJjL*_® jy jj yLil ybi- isb»cJU- pjjlS - b 

A b®‘> Aj Ij .> yi* Ay y tj^O (JjlAj^yA y , C*w *I Jjli ^y^b^yl <Z*> \a* 0 y 6jbj J f^yAA^J 

C-jU jlj ju> Ojly Aj^y jbjIj^UI <g; — » J-^y = « a 5"®lyJj jb»j y j ^ylyjj <JjL« 
(*L*y - y y_jFS (iyly.LJ <.oJL>- y.1 y y.jb-,y OjIj Il>& = g°; »lyJj 

Jui JUfci y>- *zJm y y_j 


- + n (F kM) y - ± UF k M) gi ->^ (H-<\-6) 

o—i ^jyji t4 *^b j!A^ -kb 0 ^jLp" ^j* 3 y* c$ly. ^ 


~v( F kB>Q,gi) = - 


#(gfc&g) 

a0 


c5 (a* L& Jo^ o jh cSLa& 


j* L 5iJjS3l ^ 


1 J <l)lj jl I 4 U ^IjT 4^ Util jl J 

‘L^^i tA-AiL l$jl jl ^ajIj Ju Li IgJJ 


n = v(^»0) = - $ 


or-^-a) 


^jS (jl^ ^-jU 4J ^Xjly (jljj fUjj - ^(_s^lyl: jl J&j yjli" 

jj 3 J »Lp*k (>4 ^ °j!> > - <=rj J CjLjlj^tXjlj* ^_l ^ .Jui jul^ y±* jljt ,jjy \ . > ..,.^ J . 
4JjI*_« <_jliol jk»e jA^ 4 -! Ij Ojlj»- jL s\£ l~jI ^. .^7 ^yUj 

• AAJ AaIj^* ji m j <ZJjj+0Aj 

(°ij( F kB>d’gk) - P />j L,y - A- q ; (F kB ,0,g k ')gf > . (\ T - <\ - 6) 

<.*y* juaLij ujj-i *S j* L^j .A-il JJj'Ljj cap^ ^Uol^S^jb Jbl 4 ^ 

.A^j Ja-u» 4J^U^ 45*<^UcAl ^1 jL,y oljj^ 


°ij - °ij(Fk&0) - P Fja 


OA-<\-A) 


ChJ ^ J^ 3 ^ cij^l ^ 4A& ^jI 4j 4j>-jJ L \ 4 LU* 4j QJLw/j jl 

tvl—ul Ojlj>- 4>-j^ (l)lj^lj?jl JjLA*u« oA-A oJ. 5 jlAJ \ ^ -^-A 4 J-3L*^o SJa-wJj 
^JjJ £d^ t(*Uc3lj^ .Ijj oJjj lJA^- \ T-^“A 4j^U^ Jj Jil^ ^(jb^JcA CAxmJ 

4^la. lSLi^ii oU ^ co^jjb^. ^y-i a-s-a ^ w-<\-a j \r-<\-a j \ a-va 


qgi ^ o 


OP-*-a) 


< JjjJbUj+Ju ) o - J 

Ujj^Jl; ^ jy> jl A-Y ! _^J>XJ ^j^juL 4jjiaj 
J^d J ^ .AJUj ^L OjAj oUaA^> jy»L* }\sy* JUljl CA^kJ 4 ^ 

ChJ •AJI l ^aj cJU- oLAJ j o^jta L 45* 4>oJb 

L5^A^ ^ *-> v —' (^U4iJj^ j»u^l juU^Ju 






rry 




,-.... 1 ^bJ j ((Tresca criterion) l£- j jL*» l) ^jS'L 

^ j_p .xS^ bb I ^Uia^ i-£jl£b. j j _)-j I; p-f* t5ji 

*J J,L*} ^-1- j~jz J 3 •^ i>v4 ^Ji 

l yt±*j** !b>oj jcj*- to—I «JLi JUel &L> J»U; pL; *j i—Ltf (*-*>■ «J-i tjV {* j. 'xSy 
L^l <_gUJjL» y oJ— JL. e\ Co JjA»v« 0—1 £j.Lj yJ (jO~*-S' 4 l^^ > " 

.Jj—^ ^y-jy J J- 3 - Li ^. 

p Jlc o—Ojta *yj (_ 5 —l—^ £**b £^Jyi£tSly °-^ AJp tyJJ 

^^-b tjjl J.jjjS.t-de f^j>%Xi. (S i t J.(^^ aSje-k fjij 

^■y, 0_>>-_)by J j ol£b J j! » J— <—by*j JJ jl o5y>- b J ^Lj-I (^L^J <o AOyJ -1 

j <oib A^j OjU‘ ^L^l (jUjjJ j j*—»■ oJL- yj jJ .-Lib jl —£j .bb >-ikk» 

j—r jl >;y y <_JL* p-*- oS> ^>^y. j> a*j* oX ^. £?>* V^rA l ^' 

.jjb l_, LoS"> jl &U y> oJb- y.l y .o-I jLib .xoj g-y uyjl? 

.jj—,_y »JjL-y*- toJ— y OSy» elyt-A jJ p—^ l£l A jy 

jLhjI I—I b ji ,yl—So OjJjAs^ tVb ^Jj y> <_jbS' ( yl yu ^ 

JL_pI (jlj-; tijlj-;l jly-e a- i—I—g p —jt “-^^p-V. c ^"y yJj ‘Cr* oi' J j -^cr* 

.Jui JlaI^>- AjIjI ^jj Jj1j^*aj 

l_L j*—* Lj O^h J-i^ ^UoU- ^ 

.CojI cJ^>- 

X f = Zi(^ 0 ('-'•- 6) 


i?U3 Ju^I y o^J a^* Jaip- L °^ L ^p J V. c ^r > ' oi' 3' 

a_j jloj ^U-uU- tc^l jUj jl aS' U«jT jl 9 V. ^ 

jUj Jj jJC + ; Iki 0-*j^ co-Li^^Ajj o5^ ^ • c ^' oJ - i cXp- 

^ ^^u , : .^ < ^ , # + # li^^Lp Jl-aIj_>- tcu^l ojU a a_S7 + = ^ + a 

j^>- Jj Julfij £ 6jLk-ujl "** C^^Kp' jl l-AAI-ijj ^j>-Jj .0-^1 o-Li ojUi^I t JjjIj o 

,c,.yl o-Li ojUi^jI "+" c^^P ipjlo-ijS* ejUx^l L>5 is^l L r^-’ ti[y. b ^1 L» 

AjJ.^ yj Ojj-^ 4j cl£j>- J5^i Aj cJj>- 


X? =Xi + (^0 


(Y - >• -6) 






(£^J* ^ L& Jd^Cko cSLj (5!o 


rrA 


U3l jl .c~iy ^jU JfLi _,j cjjj+0 -o oly^ b oS>- i l _^.yj ^If 

: ^.j I j ^ = *''(*«- 0 <f 

x < + = x< + (x* 0 = £ + (xj, t) or - \ * - &) 


"^x*3 1 X-^ gt *j 45"o-IA^ = x~\x„t) eSjlJ^iU JJj 4,^, + ^ y *g 
jj .0-1 oJ_i oUoll j J (JjL. Xki tOjj JJ jL. ILpU jjlj uLU ^ 

.c^l j! { j^xj 


y> + = Xi + (X4, 0 = x,% t) (f - \. _ c>) 


AlJ^y yj Oj^3 4j jX A ^pb Oljj jL» (pb iLpli 

& - *)fe - yd = [xi+<&) - Xi + (yp t)][L + (xp t) - Xi + (yj, o](* - \« - 6) 


Cjjy^iJ Y a jX a ^jU iU3 *f UJ jl .o-ly,- J-t, ^UouJJ jJ jlj^j ^Jyj, *f 

aJjU* jl j of JLJj 4j .jjIJ a:„„ /.}>,■ jx t ^gUc —of tJLb^ »Jui (_;U^I d_pjj 

:-«j ^ _^o*.y,- u~r* J*» ^ ^r—-’ 6- \«-6 


0 <fc + 0> 0 

& p ^ 


(? - \« -0) 


dj^y 3?ldj j! voi^- cf|^ o j 

0 <%, + (y> 0 


ax„ 




= a P (o 


(v- \ . - a) 


ji oj^A* .o—l x.Ui»<2,>(0 (j-d>>L» 4f oLiJ?-\ «-6 jjV-\ «-& JJjLw jl SJ Ux-.l 
‘^x* jfJi L - l^' <j*x* ‘S ^ oS> jl oJU jJ t( yJ 

^ lj (X*i ‘- Lil i (X^ - UL * ;U Jj - L i 2<p(0 U-iy 1 -* OiU 1 ^ ^ + i( X > 0 = X; ^jb 

• det (2 v ) = +\ jQ v (02„(0=^ 

o—l ,jfU^ v- \ o -6 4 J uXi^pAy of^>- (_gl^j ^U- jj&y* <j 




J Lm CZ*Uj(aq 2 ^ 


m 

*5" ^j*?J! j^Ij! L ai jj\9 Aj 

Xi + ( X j> 0 = A‘(0 + QimVK (i—iJlA -\0 -0) 

L 

•*; + = tf; + ( V A - W - £>) 

4-Ljj jj Aj fl,* jbjJ OuuJ £^0*4 

a i(t) = Ci (? ) “ Qtm(0 c m(0 (^ — ^ 0 ~ A) 

Xj — q + — c m ] 0 ° — \ o — A) 

:aS 

QintQin = QmQtii ~ ^mn J ^^(Qij) ~ ^ 0\ — \ 0 “ 6) 

j Ox^x^Xy c>L^x« o' 9 ^ ^ j! ajLjLo ^\aju^jj 

J 0J_J» L-dJjA-J OtuaI>fc4 ^ J AlJtfL C‘(t^ jtajJ Ja**iJJ a 5*0 + JC + ^Jt + yX + y 

aJ^I*^ jl aj JU- .(^ Oj^Jlo) ijS "<*-++*£ Ij xiL o-L>-^>- (2 im aJLmjjaj 

:Oj^» AJ o\y^ Ij o5^ .|W j$\j* 0^ jf v- ^ o -6 



r-&jsn 

<*-->i-sg> p— aL^j Aj O X\ Xy Xy Aj Ox^XyXy £S*- y> al^L^O fT 

A + = C,(0 + Qim(t)Pm (\ Y - \ • - 6) 


.jjloJ-i l-jL yJ toJLi ota jLiJ X-6 J5w> aS*j-^aj p m jp + i jb^, aS" c-* 





J L ^ wO (Jy {^ Js^XKO cSLJ> ffij 


rro 


Ox yX ^ J ^<j y*++*& ^w^jL® Aj (2wi 


W — ^ <>—& aJ^L x _ <0 Lj 


f ++*^ oc*5^>- Xa.> o^j *) —) o _ ^ J&> 

1 aJL^U ^ Aj jlj oXlS* lafl.>» cOwujI oX£ &> jjt3 


cl£j->- jl ^IjL-p Oj^ a_j 1^4 j^a iLiJ ( j 1r j aJL^U 4_j <>■ jS L :(J& 

•(Hjk 

i X i ~ yi )(^i — yi ) ” Qim (* 7 n ~ ym)Qin(^n ” ^n) 

— QimQin( X m ~ jm)k ~ ^n) 


Q/m l>Jl jl J 


( X i “>« )fc -W ) = -^m)^ " >>n) 

~ 0"m ~ ^mX^m — y?n) 


Jai^ x5 j>* aJLs^U ;cXuj( oJui o^Ui-^l ^jlj^l>- l>- jl aS* 


®x£ 

C-£j^ j* Ijljj JaA>- 0 «ib jlx ^ 1 Ijj Z 4 ' j Tjj JCa C(_£.jL® ^Ltf) A-w* jl 
.X^L Xj — Zj J x i ~ yj Aj jlj 0 XZS .CXwtil oXi o^ Ld JLujI 

: fi> tS 1 A-lai <^j(wdJ jjJ jl oLXJ (j 

j£.+ — v + JC + — 2 '*** 

rnc n + - * ”» X * Z * 

K + ->'n + l k B + -Z B + l 

L .Xjbjj ®jlxl ojj-^ Ijjj tx5^<>j vxS^i ^ < _^-£ > Xji a£* xiS* <>• jj 

jl o^lixl j Qi m &*j> xUi* c^?l> jl ^jS o ij4j j A-W-0 aLL^ ^jli^j U- 

J^ 41 Oi* <Jj* X-4-«J 

_ A+ _ 2im(^n -ym)Qin(*n ~ X n) 

l^n-^lk^nl 




rn 


^jL~ c»(/ jtxo 3 


_ QimQintym ^m)(^n Z n) 
l-^m “ y?n I I X n ~ Z n I 

_ dmn(*m ~ ^mX^n ~ Z w) 
l^m “ )m I l X n " Z n I 

_ ftm ~ ym)(^m ~ Z m) 

_ Urn -y m | K “ Z nl 

= COS 0 


Jj UL. f-jp “V b ^ JU -* <*' j' • Ui - 

~J ^Uj v—Ji J£* j* b ^ 


= *; 



or- >• -6) 


ob Ojj-* <u c^lo^j :a*li ^ 4i J A- \ —6 £> jl »»\isJ t 

-*j*<j* 

v+ = -pr [ait) + &»(0*iJ 

= J t Wf) + Qkn(t>m}§F 

y _\ jl o' y* *j .*A* + = \ ^b 0i^>. ‘ r+ = * + a ^ ^ U - b 

^Uj j^JL. 5JL-.J 4J |*-ar oXi^^ji xS>- ojk; x*j- <ib. ^"ob* 

:juJ^. c—j *j j*>-I <JjU^ jj j^ljj OjjJ <!■*>• j' o^o^ 


v, + = ait) + G*»(0*m + QJi'K 


= a ,(0 + Q*«( 0 *m + Qim(t>m 


(\T- \« -6) 
'-b.o* J " 



(£^J* (jLfcJs UXKO 


rrr 


Q ff(0 = a>n(0Q;m(0 0 A - W - A) 


• 2;Jt 4 “b-*-* J J ^ O^jS* jl Axj b b 

^)‘(0G;fc(0 ~ Qim(t)Qjm(t)Qjk(t) = Qik(f) ~ \ ° - 6) 

'“^d ^IaJojIj Aj N T— N O —^ aJ^Ia* jl \ ?- \ ° -A aJ^U^ L>. 

p-^ ®-^ L 54 J |^ fc y. o^y? C ^ J " (♦—->• 

^i ^ijQjk^k Qinfim (W — ^ ° — A ) 

♦<_r*d c a^Ui^» 1?jJ> jl ji*L» b .c~J ^ojl - jjLiu £2,y *£ jui' cJh 

| [&.O.] =!-[']-• 

• p*ij^ J ^t- o a 5 * ^Uj 

QimQin QimQin ~ 0 

* c^J J- 5 J ^ P- ^ 0 “A aJjU^ jl j2; m l-Ajjaj jl toUl^l b j 

Gw»[P/i &ij]Qjm = 0 


* L^*d t-Uib jk+a> <JtJjfi djj* Ojb-C- <5* CU*J ^yjy& Jl L^j Aj.}bc« ^I 


Qj - tyi 


(\A - \ o - b) 


jij b cSj^P** 4 J^ji csb^ aS*C^iI ^y*-» ^ Aj tC^I iwUjI - GjUl* Q z y *£ cJLJL>- y I 


0 ) k 


^ £ kij^ij 


0 <\-\o -A) 





rrr 


Lm 0^/j6lo $ ^ 


(jLu o Jw <ZJjj*0 4j CJwl ^jS'Lo-o aS" 


Q,y — ^ijlfi^k 


(to - \ o - a) 


ob ol jj cS^jb aj lj cSj4<wJLm^ !*-«*>■ (-5w>lju j 

c-wrL- c^LJ ^jL-Jjl- 4 jl /j: kUsJ j.> .(JL~j Ij rt-a iil^) J/ 
jj .^jj jLj $jy* ^* 1 * 0 !»-***>■ jj ol5^>- cLoxJ Ojlii* 

C-Lr" JSLi j~iJ j ^ ^_~Ls ^f Jl ^lj»»i«*l ->^jj 

. J lm> JUbl 

jl Lx,- L .^. ciT ^o ^jj-i W-^ ° —6 aJjLc* jj oJui o^ta c-pj— L 

! ^A—^ °—a aJjLc* 

Vi + = hi + Qfrj* - Oj] + QijVj MlY \ - \ o - 0) 

= Gy't'i + Qu^n + «,• - &ij<lj (^Y \ - ^ O - £» 

= QijVj + Qi^rn + C; (yY \ - \ • - 0) 


i o-Li o^i Aw l l-aHt \ -w —a ji <—^—\ ° --a aJ^Ijl* ^i^ ^ a— ^ ° —a aJ^La* ji a 5" 
.Cwl oXi ojUwI ^ — \ o -a <j <—jY ^ ^ o -a aJ jl jjLwj ^1l^> c,- = <2; — QjCij jl j 

*i J £^rjr* j- 5 c^j+m j c—>-lj <l^ 1 x« olSUI U aj J 5 w ^1 c^p j —j ^ 

- U - 3 L 5^ b 

dV; dX: dV: 

_ r=% _V + a ._ ;!r (TT-W-i) 

.aS* JLmS' a^^J 


dX, 




-— = <5 


jm 


toj _ toj ton _ toj d , + 

~toj ton to n lQUXk ~“ k)] 

,jjJ jl »j Ui» «iI c^j <>— ^ jl (_5jQ^jb^ a5^ 

: Aa Aqfcjj T Y- \ • -6 <1 jl*-* j j LJj (_s_)l J^j U- o^>[> oij^jk 4 j 


du, + 


a*L 


= £2«m + QijQmnVj, n = &, m +2,yGmn P;„ + W jn \ 


(rr - > o - 6 ) 



/j >III V *« ^ 0 ci ! w (Sm) 


rrt* 


I J* ..UZ m »» ^bjS'j J^"*^ ^ ^;n J^/rt ^ 

,^jjt» 4 j^>*J t—Jjl — OjULl* J (JjUl* ^Uc ^ mJ 4j C^pjlolj? 



= Am + 


+ 


jp. 

rr wn 


+ 


Ja-jijj jl .JCJL.m*a 




<5* Cw! ^ A- W -6 j XT'- ^ ° 

V = QimQjtfinm (YT - W - 6) 

J 

W^ + = Q,y + (ra - \. - £>) 

j l_Ajb j-j 4-S" (*lw/l jlla* .*>1 Ijj-a (J** 3 * J* L5^ oJLi jJla Jajljj 6-^jJ^ -ib 4j l> 

tAA>b Jliol ^lS* ^LajJ j-«ji J* >*jlj 

QirrMm ; ^ij = QimQjn^mn 


<—» |_y^ J j c*p j—-> *jj-£ ,^1 jLiJ L» <> L*l 

U Jj <SjJ^ L$\j. oUT to JjU ^\j <>S\ .JJolj ^4 JUl3l ^yoJ^PxtJ 

J jb^j tj 1-AIL>l t —JL ^ o-Lki^^jpJfc^j Q«S^^ CaX> ^iJu JULul jaJL 

^1 ^l4j>wj ^jj ^ . i A****wJ ^ b o■ \ > m 03 b jj L»qmmw>^ Lft4j j! 4jjJ j^o 

^Lftjb^J C^^AP 4j 4^* o-Li .AmiU^^o C*■■>*< 1 Jj*J 4 S* ^i>Ju jb^j b 

•Xjb JUlj! 4 j 

h = a# 

t^^*oUk*>M« ^j bj ^ t—« fl p 4j b td<w<i ^xi a*jj A^l_j ^j!jl<Lo ^yjLU 4^* l>«jl ^1 

j t ^ L*>P | 0 — m*>- 0 J-ACA>xj ^ ^xla■>* (Jliul C*wil ^j'bf 

4A*i^3 jjj tA-> JJ+& 4j Cwl { jj^s0^A jj j! ^JL ^ m j Ij^j j obJl j-i 

axi 

da k =J-±dA K 

dx k 





rra 


^ o//j 6 to 3 ^ 


<*!*}jy+& 4j ^ r,la. ^ *L>,^ |». ^ . > " 0 *>d 

(TP - \o -0) 


+ . . . dXV 

da fc = da n k = J —p dA K 
dx k 


<Ssj m JU y flfc J 0»J ^ £%] sbuJ dd La t,.“ »* <£ ^ 

OjLp ^jj I oJuj I jj .JbioJui jLj e-JU> oS^jj>- cJU- jJ A^Jb J ^Jsu* 

.cJL Jia!^£^15* a!>-jli>- jj 
Ij Y*o “aLmaiw«^ d» >«!*/ = «/^ aS* j L -> cd»««>o 

ay 

^-5T j j_1p qL » —& co>J (jL jl ~Qx~^~ l> ~~' A ~' <>> ^ < 

. © JLpLs L) . » L ^ > ^ 1 ^ 1? 1 L , *i 1jtvMA^* 0 i+Jbj J 

^Os: to 


^T - &j ~fok 


(TV - \ • - 6) 


jl c--» j*& aJLaaij 4j ^ <1)1 (J^* J *—*A— ^ ° —6 aJ^Ia-o Ijj aJ^Ijc-o ^1 aJL»*>- ^ 

<JjL*—« aJL»—>» 4 5" m 1 .11 A*h>ii»j jl j o.L«^ Qik 

• CriLrl^! Q/fc oLoJb TV—\ °—6 


dXV &XV 
$r = -^Q kj 


dx 


dxj 


(*k + )-' = Fjk'Qv 


(YA- \ . -D) 


4jkaIj TP— \ ° — & aJ^L*-« ^Jlj jl ^j lij ^jl j^j L>* L 

da A + = da + n* + = £>*jda y « Qkj(da)itj (Y<\ - > • - £>) 


\^j\ jjb jlji jk* (_SjL—« j Mb *Jil« jl OjLp -> (jr“J J O-bb-j Y 4 j 

,1 c-t. -LJ_^ o^-L^ aSVT jl J (da + ) T = (da) T o*^ 


d^ + = da 


(r* - >. - a) 




(j-+ 4—* j— Ltb o cSLc (Sa 


',*£ CL—I ^pIj o -& j ° —& Jajljj jl ojli—I L 


«fc + = £</*/ 


(r\ - \. -c>) 


j*—^ oJ—CL^y>- Cj»c <X3L JUSSI (_£La4jjJ jpa j^>» ,j—*J toJjLo Aj>ijl 

Ca 5^>- jl>- jb .c l —L^> JULlI ^1 ^Icj j*Lj .cl—11—JL^ 


ICL— y d)i 


>> jij <> b h a~-> j'V. 


f, + = cry + /j ; + = Oi+Q jk n k 


(n - \ • - 6 ) 


Aj J j? w4 jtaj) oJ— Jliol .CL—t oJ— o jIjCLujI ^ ° — D aJ jLc* aS* 


ti Qijtj QiftjhP’k. 


(TT - > - - A) 


jl**** .ci — 1 oJ— ojIa—J ^2u£ ^ j i— (Jj-«^3 ° — D aJjIa* (j^>«^jb aS* 

:<J . J* 1 * £*>• V^jW’ j* lT^ 

(Pij Qjk ~ QijGjktyk = ° 

^j-**^ .JL— Lj <_£jl-—« Lj ^JJ-* c C L— I jl/t£ j> 
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0i* -> 2y = &ij *5 Ij ,_5^"j>- J^3 O.-Lib jljijJ JjL Uoi”5_<Jk <_glJj 
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(jj J Lj** C> Uj (xo 3 O" ^3^ A 


m 


a ij = -p(p) d >j + MppuAij + ip(p) D ij o \ - w - £>) 
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r *y = A * D kk + Y /<* Ay (T - \ Y - A) 

iwulj^ jiw* jA* jl jj 

{ jLi^ — jjijj aJ^Luo (c-j) 

*/ = (6 - \Y-fi) 


* c-jL) ^ A j t L-ilj>ijl Sy ^ 5 * ^oJ» jj (jl jj < 5 * 
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£,, = J ^(t-t')-^dt' (uA - YT -CO 

$ ^ y J*y> £*(y y4j'ip v j^Ps ^y °Xi <ota jlX <j^j>- ^ J* 5 ^ 

.Xil^ c5 ^> 

Aj t ar.^ ^LfcJa^v« oXi oN^Iaa wj 

j ^JCJL 0 ^uj LujI O^Iv« AiL^I Aj tXjL jLj oJb*- O^Ia* 4j>oi ^ olj*o-A> jl-X° oN^Iaa 
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j^-iJ jU-« Ijj J |_5-k«- J ^jLjJ^j ,_y*Lj Ij-J> J y jL. J SMj jl ji i£ 


i jiJj jj^jb ]a^J y oJlJj k—ibjAJ 


hj - I P (&ijXkXk-XiXj) dV 

j V 


"^tr^ ijti*- 1 ji j &ij Dij lT^ ^y (S^ji e*WjJ ) ? ~ & 

^ Jj * cr -^ («-^0 

^y^jr ~ ^ pi jj—: b (^) 

°ij Dij P s ab ^ab / Y p. (^) &ij D t j = p F 14 P^a / P- (*—^0 ■ £**4 

^ ^ ~ V — 0 (_£j^jI Jlj£J t ij^o (Jj^* L-^J.^3 L^j (jljji (_£ljj JuAi <jLiu 1 V ~* £ 

<3w>bj^ ji ojut Ajlji J5w 

K = 1. CD: Q): I:: 

Y 1 J v 


Ja^j K 


. j— jL^o ^ & — (j 4 »LLw^ oi«/ i—ajjAj j j^jib I ij (jl ji &£ 

o. L <_ iT (Jl*—-J ^lj—« ^***^1 p^ jy\ oIj^aAj ^jj ob C^[/! ®b L ^d wL cA^ (jLiu 1 A — <5 

. jj j <tJ.iL*>> 


^ = f pfe, v,- dV- f a, y v,j dV + f v,. t[ h) 

"V * V J < 


dS 




o{/j6to $ ' A 


.A*Ai AjIjI ^UJIj&ul jjj jl ^IaS"^A J 

>- Cj!j ft (jjjL_5 jl j o— jI Ojj — — p. djj j-jij—» ( jAlj <jl a5" aa- ixp-t» i_5nj M - £ 

ij-jl aI^Ia-a aJL-j^-o la<x^> A*Ai <l)Llj .Aj jJflj ji A*S(^j —~ — IC.7^i 

.c-ili aaIL> Jij 


pu = -p. Vij + pr + k 7 > 


Oj^^I* 4 jl JlJ|^j^_4 ^)j_;I (JiluJ 4^" *1^A3 (jL*w A^J^S" jjii (Sjy^ ] aj&A j£\ Y 9 ~ & 

J Vj CAAJ ■ ^ ji Y — T — 0 aJ^I A 4) 4.1.^v- :>■ J_A ^iAC- im*J ^*-5s. » o L « Aj I 0—*jAj <~* S ) 

• AjI^o CmjA (_£j jj! aJ^Ia-a K (_£jj aJ«^p^ Aj aLh.^ Ojj-^Aj Aj>*JAa aS^Ia^a jl j^<JI 

.C—j! jjj »Ajj^*^Aj A^xAj J5L^ aS' AA^ 


^.p (\. \) + tr (a . D) -pb . v + div (a . y) = 


Lwjl aJ^Ia<A ^Ijli A A wJ^aJ J1*>C« j^*l ^ ^ ^ 

<fy = -p &ij + «D,J + p&ik E>kj 

A*Ai (jLL> (J^ii “" 0^ t J L il jj Aj li^-5"ljJ oiLa ^^1 t AmmA IaC »o Ii _) P ) (X <1)1 j3 aS* A » iL 

<7,7 = -r/>- y£II D 

.ca— jl j tz ** jj-***j^ IId p 

A*Ai jLiJ wAa5* <_^aaj^I jtiij Y ~ A — 0 aJ^Ia-a jl YY — £ 

a u = fr A + y £,-,- 


aS* aaS* JpLii«/I | bu*j ^1 jl oitiL^I L j 


i\ ( a *“rA + yp dii<Jkk ) 




*~***yt± <3^* ciiLj^Sbo 


ra° 


I 0J_Jj Ajljl jjj Ojj-U?4j ^mjLuI aJ^Lc* J^j OjLl l^j — £ 


°ij ~~ P^ij ^y 

<7y = -M) + **<*y + Y jW* A)' (T - A - 0 *bU* <u ^ tj^j) 


.Xjji ij jjj 4JiU-« <. <z*£j>- c/V.jU-« jj 4JjLc4 ^1 ^uj^SvjL>- L 


pv. = P&. - Pi + (A* + p*) Vjji + p* V itjj 


l—^l _4 L-5 vj 1_J JLJu- 


-j ij - a - a juiii f - a - a o^jU _* rr - a 

J-^U» jjj Ojj-*24j J^il4 l5vJL-j ^ !^5wj J 


cr,; = dij { R } £** + { 5 } £y 


j\ xjjLft <—j jj*j { S } j { R } l J a ± j ,Uj <jf jj ^ 


r di _ VK±P }-T{(2> 
r{P} 


j {5} 


t{Q> 

{^} 


^ A 0 ^ L—J ^ CmA^I> Ct^V I_j5^ J j CnIJriJ Itf ^ • '■ ^ ^y9Jt Y 0 “ 0 

L /~— 1 jl 0 U^L>“ j—51 ^ " ■. j * ^.. " ftjL-* jl c^jjl—i *lL —» l£j .ju5L ^—4 

ij-»j-» L-! .0—1 jl—*j jl ,_^;l—5 / (X) J Ool— (_& a. o T jJ ■* S’ c—.I <7, \ — o, f (t) 

3* ty'-!*j- J b c rr j e u > £ \\ 1 ^rr = a rr = ^ir = a n = <7 U = . *&.! 

: j—t 


/ f) _ r K{P} + {Q} ,,. _ r a:{/>} + y{< 2} _ f ... 

" w -<Jr<o> "•' m ' *" ‘ e "-unioi "•> w 


UX{Q} 


jl tijl . J—/L eSvJL^V I^5wj j Ja*>fc4 ^ T — 6 ^^y-^L*»l 4^ JulS" ( j - s ji — f &—Ci 





(^0 j Lm o //j £&o ^ ^ 


r^a) 


/(0 j C^jU CT. ^ ji Ojb jiy (T, ^ — oJ{t) C-j^J A^lj ^jl 

<> b^rr J £ rr J^n ^yy ^ °yt = &\r = ^rr = = 0 o*J* • c *‘-‘^ ^3 ^ 

.^S^f(t)j{Q} j {P} jl Oj_^ 


, x rK{P} + {0 ^ 

«n(0 = —— CT /(0 


* ^ 


««(0 = £^(0 = 


<lK{0 

rK{P} + y{0 


\aK{0 


<*/(0 


(_5- ij* iliL l/ 5 j* <Jjj>\ '^ i iy^ j' oaUl-J t> - 

.JljS ^1ij olib 

*,3i—fijyAj jjj CjjyJS Aj O(_£^Ia J j j5s^~jJ tjj Jj^bj 6iU fL^i J J-* — f V~£ 

V = V(0>gk,FiA>FiA) 


V ^/(^; gkt FiA j F U ) 


&ij fyj(0 r g k , Fia j F±a) 


9; = 9;(0> gk>FiA, Fa) 

.X^S Jubwrfl tj ^^L-d ■ww'b ^1 ji' (^LfcO^J 

Ml 

(V 

<v 

(o 

-■jq0,gk>F kB , °)gi ^ ° (^ 


#(fl> gk> Fub, Kb) 

dgi 

foj>(0> gk> F a , Fa) 


dF, 


iA 


b(9,FkB) = ~ 


dfy{0> Fm) 


°ij = pFjA 


d0 

d*P(0> Fm) 


dF, 


iA 



(ft cSL j £SZo 


rar 


“ = u{Cab,v) 


■■hj^i J 3 l) Jij Ja;l jj -f /A-fl 


* = 


°H = ^(Qb;7) 


<?, = 9i( C AB,V,gk) 

— i£y}j^ oj lal^ l L ojU c^j 

9-*. 

dr) 


<iJjL«_« ji 


u = “(CUft'7) 


_ _ ^ ( dU , dU \^ 

04 - T pf “(^7 + lc^p> 


4& s • 

0 ► 


Cfa: 


- £2* 


I ll_> jl 0jlfl7_...il L — f ^ £ 

• X^A J jLtj Ij jj j Jfibljj ^>A- ^ o “0 

(i-AJI 


^i4 “ QijFjA (<_j 

- 1 jdj ^ ^ c^J JUul aS juo jLij -r• -& 

/ + =/ 


P P ^ oLio <1) ^yo y*a±- j^ r°-0 4 -Li—« 4pv*ij jl o^Uwl L -r | -£ 

j-lj °jj-^ V p~*r ^ijj ^U-uaJ^ jlo!^ 4^ j^o jLl; -fr-A 





jLju ^ ^ 


r^r 




:jlaj jLi: \j _*j .Lljj i-JL^ p—=>r «-'- 1 c y*p- !> j; <^y>- j' 4J ^--' 1 ^ ~ rr & 


Cab + = C AB M 1 

W A5 + “ U AB ^ 

— QifijA (v 

5 t y + = Qim^mkQkj (° 


.JL^ 4j>- y fcOJ lJj <_j jjy»J 4j.jU-« Ojj-s Aj 4^ *-> (►*"**T J’ 5 ^ ^ 


x(X ; 0 = X 

tOJ^P 4J 

X = QW - a(0] 

aS' jljo jLiJ 

v + = a(f) + <o(0 X [x + - a(f)] 

.cu—»i ^Iaj jlj c*j 




( y£J 1 jSli Sj* jjjii i V/1 - f" 


^yuL- .jU jj jx & jSj 0): 3 y i l y '-^‘y -kr* J 3 L . 
iy. (( ^...U ), cJU- -o J ^c~iSy o—»U- <_5|jl-> ^^y*^* (*) J ‘• i * ilj . cA'/j' J -k. 

eJ U ol j*— 5<.J-iU .jU Sj jlsij /' .xil ^ <ik>y oxi U, L lj 

u J~ 6- 0-1 jS^-» S~-J “ill *-f jiX^; .0—1 c£o-//^ 

- .jI— ^Uy^o. i—,jj ^x* j>i b Ujbij #1 \ - f J^i .xi.\> 

t^JC*. yJ6 —Ip! dj. -j*-^ tSj'VJ 1 ! -> tSj'-^J 1 . cSk**- 4 L . #l ^* o^/ 

lSo-^I jlsij tfljj klr 1 0 s *. J J 1 * ^ <^ U ^ 

jLop! JjU Jju Sj ao-o-^I oljL*oi^ *j^> c/HU <yj tSU J 8Xi ,jb 

(j\ji -^ 4 J 

yj Oj^»«o ^jr^.J^J i5‘ji lt- U JjL ~ 1 ^ 


a = G (e) (\-\-f) 

jXj£ ^Ujj—L? ^Jl jl y e j o—l OjUi. j 1 -^ £>’ £ <j' ^ 

j4 -Li'b jut i ^ <yJ j j 5 cr b c L " ^ ‘ A ^ 1 • Jjl “ xi ^ 

»c r .A** >iy u^/3 1 C5^d b ^ ' - ' " f aJj1 ~ 

L) a— U— jj L>- u» jj jlSU j~~X ^UoIjIjS’ J 'y J 3 3 J~ l ty‘ 

J to—I JjU isJJ J L S$J"i t>y Js> ji^* 5 cT4 lM~ 

4JjI—> Ji jL-i ^ 0 ~" 3 1 r - v - f *j*l~ vi—. <3^ L . 



(£ 0- tSLilS# 



1 jK-i 

.5^-Vl (y). ^-Vl Ml) ^jS- S3 ^yjl - tSjijSjl 


• °j^.j j b ol 1*^1 j* ojUwI 6 - v - t 

'■ t ( aj; + a; ) - T ( Uj' + af )~ —(“a + “iJ 0-i-» 

oi-^i J**- jLaj s^y. b t (3_ji OL«0ji f j a « (_Ijj 


°i; Cy/cm £fon L CT — C e 


or - m?) 


aS'-U^- y» •- Li ^ c r 4 AiJ^> Y* — A\ ^Ijb Cijbn l5Li^VI oT aS' 

a5*o—I £o?lj jj~*j\j jj ojUj 

~ Cjfon = ^-'ijmk (T — ^ - 9) 

.Y'f aj ^i5*lJ l>- Ij j^Uju uj j*J> A \ jlSlol a5* 

ol^JL^O *-& Jj l5 I 3j ^j—L.1 aJjU^ ^ij?jJaj Jj l| Ij C jj...>1t 

.J^L^ j»j aS'jIj oLij oI^j^ j-iL oJ-i olo (jb^ljj) AiiL oljjj o La i>^ 


a ij C ijpn € pn (6 - ^ - f) 

fijb r - > - 9 aLI~ L ol^A t f jj a^j y ^Lajj^jL" ^ JUil ^1 y L Ul 








c£Lj» (So 


r<u 


Ojj-fi>4j A - \ - ? 4-tal*^ yU J5Li t,u ^ ^JLi ^Ijb ^Ijjj ^Uc^-ijJ 

•^lt* S-j 


Or 




e» 

°r 


C Y ^C Y YC Yr C yT C Y<i C Y ^ 


«T 

O r 

= 

^r\ Cn ^rr^TY^TaCW 


«r 

Or 


\ ^yy C rr C YY C Y6 C^^ 


«T 

o a 


Q> \ 0>Y ^V^aY Q>aQ>* 



Of 


c; ^ ^y c fX Cf ^c fti Cy 9 


e r 


C\-\-f) 

b jj—'L j J-iL,^ ojU j~aie- Yf (jb* J *£ Cap o)j\ *5 Y^\j* <j^ jkU- 

t_F~ x -i i£3j-^ JiLfcJ tJ_^i L5 _4 j]aji—i j-^9 <laij <jil ji tj'Jj*" Ol_^jlj ^ji 1) 

••^ib.(_s^ 'Y' — w — C> 

“ = ~ °i>- Ay (ulll>-\-^) 

.J-i ~ \ ° ~ T <taU^ t iS^jS (jU4j^iaj aS' 

w = -^ a ij' £ ij (<_J\.-\-f) 

(f>»- J j ) (SjS’lj c --' (j-»^ JjJa; oVjLm jjl Ji U i£jj\ 

jl c~J OjLp J5li jj j«i <IjU-» t a5^jI i£j.}T.jI l Uj^l »Ju^U 

~ Li ^Ij*- JjI V _r* viy 7 jA = p J 

J = del F = del ^d u + -^- j ss \ + ~i- 


{W-\~?) 




(J tin (JLitS to 


r^o 


\ - ? <JjU- jl 


a 9 = 


fo* _ a»*M + a T «*(<>J 

d£ ij de ij d£ ijtekm 


£ hn + 


(\A-\-?) 


Jl Jjlx »jU jS'ojJj cJU- jj oJJLJib a5" j y jjLj 

‘ Jji Ja— Jos- *L^>- Jaii b 4 ^ .JuiL £,y = o *S j£j 0—1 0;j = o -ujoj 

.JjS’oUj L ylj£ i£jy\ £jb Ijj Ojj-o (jj Jj oljj^ Ij <-5^——.^1 ^^-.1—I 4 JjU-« 


= a T «*(.) 

d£{jd£km 


° r ' i £ km ~ Cijkm £ km 




C?- Cni (H-* <■?y '--N. b*l 0 V - ^ ? <JjLw b oUb 4 JjLw ^ I 

j«Jjb (jji^"l a5Uj 4 .. I jlji_j> Y — \ — ? <bbfc* h.~ijj oJLi (jLf* OjIaj ba« 4j tJjlj 


C,jhn 

&U *foj 
d£ ij fokm 

• ,j—*LS^ <; V'? jl Ij ^ijkm jdl-«— • t£lA<iJ^« jl-UJ (_5jjjl ^b Jj^>-J 

C—J ji »jU OjIaJ (jrf»l_p- jl 1 ^-—*5/1 jbij (j-s>b“ £|^jl (^Ijj <_g cA*^" 

^ J 'V - \ - ? <1 jLfca jj \ ^ — \ — 9 j£j[>■ b <5 "j jj, <>-jS .jut ■*.... ju 

c-i_^ 0 >5"! 4 jS"- jjijj Ljr ki- Jlj J 

«*f£, y> ) = ^ Cj^ £;j E^ = 0;j £jj (Jl Y \ - \ - ?) 

•-^JcyAj- 5 jij A - \ - f aLU-o ^jlj&LJ jj iS 

U*( £ a) = 1 C„p £ a £p = ^ O a E a (40 Y \ - ^ - ?) 

.41— I y_ jj(jl$jol Y "? jl jjbo» Ojb Y \ Jaii Cap = Cp a 0 jlir ia^i b J 


= C kmij (Y«-\-f) 

. 4 ——I yjj — i b . &> • ji>L>»J 

_ <?u *(») 

d£ km d£ ij 





cXjlwV I ^LbiZulf c jIj* ifljj lSjA Ojjli Y — f' 

^13 j OjLp j jiaj cJuil) oJL-i 4 jIjI <£> C^>iJ o^U> jll3j ^1 

(—tfJbSyo JajljJrf <£>yn^ya L-SsJ C*X> j^l C^ujI U^J-m^I Ojl* jl XiL C.^J>J Xs>*J 

Cijkm *wO ij—X Ja-uj j-J 4_S" w-^ l5s-JL^N1 j^I t ojjtau . J-JjLj u^-J-m/^/I ,ji»jll3j 

oJlJj ojta Cwxij t5sj jl 4]a<n j^A J* 5 ^!jhjj>«*0 jA jJ d« .ril oJLjui ojlj ^yUPjJ 

jJ JaA3 ^**LujI t jl.X j «3^CSL^mmZ// 4«)£o Ij (jl tXib (jL**^j 

^j-j I jl ^jlJLaJ t L-w-^Jb^^P Ij (jl JlJjLj Jj^jLm* 4«A 4^* ^loU .Jjb u^****>^fl C*JL 

.JjS" j**Jbljj^ ^JL^jtu Ijb ^IjS^<5* U^d-u^l (JjbL 4j>jJ ^j^iLmiIjJ Ij «jlj*« 

jj^wl—> <_^sj Y* “" ^ ■— 9* aJjUu^ C («^>si_*^^ll jj«m*jL_) o t—>i>«— jI ^jj^jt-Mfc*gjb 

^jj-mJLJ jj-Ja fj^Lw*-*-* jj-Xlj cJl>- J«5 .J-iL ^jlf>- ^-3 j£jL->*^A 

J^J J ^jaS*lA Aj C*Ual9M ^Ubjj^c/O 4 £>y±>u* L_£j jl X«Ld* JUi>I jA L ^j£u IfcAjl) j^> <5" CU-Jjl 

(JjLC-l) jk-*0 A*Jj-A ^IfcjJ-wwlj ^UJ J ^\a~J jA jA jl jAm^ ^IfcjJ-Mrfjlj ..Lib j^**J Oj-L 

JL^Ij JJnwjjj .(Ubjlj^y) XjljJ «5j^j (Jjl A+J jA Jj^J^LfcjJ^jlj L«l .XJLwaA 

jj^jU I g* j I ^jJL-p j+o—a j —a j jjlj j-jj^ 4 aJj^« (jl^i^4_j Ij j^jIjS* ^LaIiJj aS I 

4_*JJ^jL-^Jb jj^*;I_j 1^; i .((j — ^ 4j Jj^ki ^j>~j) XJLm^ J^° 

4*J Ij A^J^A Jj^jLw*«4«_A jJ «ww Lj> ^J^*Jjl»LL« .mLmjL>^£« 4 d*L>- jL«J t jA^j*P 

4jj-«j djjj^^Aj 4 S* jl^ oLij ol^ j^^lj^” (^ljl>^ 

■(^> ~ (iln 

= Xdijdtn + /. f(5^ (5y m + din V +^r^<5;m~^m V (\ ~ Y - f) 

CfJ * ^-'ijkm — Cjikm = Qjtnk ‘ ~ \ ~ ? 4JjU-« U . Xd^ .ft jXp fi j ft , A <$ aS 

jj j y i ^UijL>- L 6JLiiL jup oJLi jLu ^UbOjLSj ^Ijj x m L> (i aS XL-j^y* < ( tJ y^ > y A 

(Hj^ yJ °j^ 

/J (dikdjm-^ V = p (dfid^-dj* 6^ 


\ — Y—^ 4XL ^j^jblS" aJ^Lk^o <jjjjlj L Cjj^ljjlij ($ — ° LiUw »($ — —[$ oXaLXo 

.c*-ib p^jbl^>- V ~ ^ “ p 4 JjIjc« jj 


&ij (^ ” 1 " H' ^ik &pn H* ^im ^jk) £ km 




(jmf &***£++ 6b Jo U^VQ cJuJ* Ko 


r?r 

.JjL^ Ojj-ws>4j <kj|j(5,y C^U- ^jlj^jiU- L Li 

°ij =k&i}tkk + T^y (Y- Y-P) 

J—*i ojLil ^3 4j^^jL*A jll3j (Sy£b (jy*f3 aS 

<S /i jA c*jLj jj o ^yy-* OjjLS CoU Y^ <, uSLs-y/ili 3jbij <5"jta 

Mj'bfl o^l—* a_5* $ yj* <>-,c— oj! 4 JL 5 L jjJL&lS" JuiL^ &*U (jLb aj ^ 3 j 

VIa UIjJI jL w.-o.fe L^-wwj'y 1 o^U u^j t Cjjjtf — Cjtfjj 3 

1 L **»> A ^ia>" V i ^- JL p p-w*^ ^ JuA J (jLttJ ) _ f ^ to 

jolJL« -^L>ji <jS[/. <^*-^1) ^d J * &Z +*.* 3*^** a 1 *-* ji J U~^ 

.Jjjj! o-m»Ju I 4 j\ ^+o\ 

0-^ j €$ ^^L^i ^Lic^>- jj a£j ^LJL^j n^ (<j = ^ Y, Y*) j?i 

Y - Y - ? <LLa« ji ot&i t-LiU (c[ = ^ , Y , Y!) *£■ £ (q) 1$^ ^^L^i ^joliL Ia JL y 

‘f^cT 4 Jij Ojj-^Aj Ij ^l<Saij 

o-y "/^ = ( X d ‘i £ kk + Y f^ij) nf q) 

= A n/^ £fet + Y /M£,y «y W 

L/a > «—»£»« 6 jH.J J^-^— 4 4 It IM i, m ,« (jiij ^jjLjn 1 -» ^(q) J n j^ ^ ^ 

*^j^ifi/ q) = e (q) 8ijnj (q) 
°ij nj (q) = A e** n/ q> + Y /« w nj q) 

= [ A £ tt + Y fie (q) ] n; (q) 

-ul_p- cjU nf q ) ^U; <^ 1 j> tc—l = £(,> + £( T) + e (r) j 






t o dyfia 


r?r 


•■^i^ty 4 - ,J Jij <J^' - " - S V J-® i^IaOjIj i_—j»-jj jbij (_gly i_5jA jjjli 

£ ») = ^-[0 +v)ff # -vfyff*l (V-Y-P) 

0>" ^5r ^ *.* ' * 1) ^ J ^ "_""J '"' (J( ojL-( j_jlaj Ij C-2iL (J^Ao ijE L»x! jJ 
i_ij*: lj 4., :M I ^Xf* jj c^lj jj ol^j,^ t <XjJj jj ,^1 jt v_-S’y 

•• > J~'i_r < “ jdj (J)-io L J- (J^ JLo IXol .JjS" 


G = 


E 

TO +v) 


MlA-Y-f) 


Vs’J-’ uiM 


4*4^ Xulj jU ^jl^j Xi ajLil 4 S 4j 


K = 


E 

r (\ - YW 


(wA-T-P) 


o^U- jt tX‘l»xi Jy ji -dX j G , v , E ^Uc-jIj yj ^U; 

(Jjjz** tij ^ix cJU- _p . X. Jjli Y - ? J£-J jj »xi ob ^LJ J ^3 ^U- 
Ml Y - ? JSLi) M Ua^J^, jjL. j ff u = ± a. Lx, jj ^ (^Lii L j^iS) 

•( ^ii — Oj^) V — Y ~ ? <1^Ia4 



(dj>.i=j=\) MK-Y-?) 


+ V(T. 

«n = - vc u = —^r— 


(ds.i=j = Y) (y<\-Y-f) 


+ vcr. 

£rr = - v e n = — 


f^l=y = rj (y^-Y-f) 


(JL.^) 0* y-^‘ vi-r^ E (j-i •‘XJ M i * j lS 1 ^ 

<-S- u -l M lA- 2 *" ltM - tr^ j I j _M v?" ‘ jl ‘Xil^ £ (jj_pw 

j i\j jjl J^S cx E > o aS jjX A>-y .(M \ - <? jSLi) xil.^ 

c r iv ‘ ^ ^ ~ Y - ? 4JjL« c~*-J (js*v -> aVJ' 5 j' JoaC 




jLij jl ! j *S**j' j ^j\ L ^.u*. t 5 > <j j^-Ij <^*j~** 

j (X\^ = t, oI A—S't e-j Y “* P oJLi «ob <jbij o^Lmj cJl>- 

pjjta V “■ Y - P aJjIa* j! cCwm<I jtu& U-k ^«L»j 

«« ==± F La '’ = 7G M«W-W) 

\ Y “ V “ Y 4-talx* ji o^Lai^I L 






J u ^« 0 ^ / ^uJXo cSuJ» & 


w 


jl .Jj-»i^o { y9j3 (^jLibd) <_£j^>*^ (^jjJ E *£ 3 jb oL*-A 0.3L4 ^^-ijJ (_$ljJ ^ ^ 

^jj^«—<• (^IjJ ^ Oj^'ilL .* ■— * .* .*» i o«Lmj jLj*^I Cj (^|jJ j* {Jy Jkc fb jj £y I 

jLy-^l p > o Lj 0“ — it p dij 4 y T ■ ^ Jl-Sw (Ll ^ I jj-L^jh ji-JL$ L) 

..u^^ jLiJ V - Y - ? <]^U-« (.jj^aL* ju 


* = • ) r* v <* = ±rsizlsi p =±L 

“ E E F K 


(\\-y-?) 


^L.«* j l jl ot j ~^*j aj Ij p jLJu3 K. (Jjjl« ol y ol jl *& 

.(\A — V — Y <tal*-« aj :>j*i £j>>j) 

^y jj v«5^A (J jjL$ .J ^7 ^LavJLj Ij jl o^Lt w l L a£ ^>Lw< olJL> Ju Ij b 

o^l~ Lr*i ^o- 4 ^ oLj ^jJjjS* j ^Ujj-mJIj fjj^ j <-JI j>i>\ ^UxaJj^ ^- .^> -jj 

p-^l^s- Ij Jjj 
(JhT-T-f) 


*% = Y Orjij 

°u = r &« 


(V>Y-Y-f) 


^fy* ^j (j 6 cXmm) V/ jj (a# r “ /^ 

jj**jLj 4-5* C ^LJjj Y - ? c. a m mJI j^ ^ij^Lw^jb jLljj (_5^j <*5"ja <j^jtS 

*^NI UjLLj Ul^ jl Ij a>uJLj y ~+—a ,JL*J* <i—«iljL_^ Lw> JuiL <*Jj^« ^j^jL-m-«a 

4-5" oL*a ^--*4 j lx* c £+z*mII( Ltb <Za.^,j> IjcoI jl ^l>ul (j?\y .^jjl c— wjJu tjl^j^* 
Lj Cop tJLi^NI ^UcjU aS’ ^IaLaJ Sj j* Qx\x'yx' r j Qx^x^ p5\i ^Uj^>^ Jxm- jj 
(^j JLLlJI jJ*I .^-^5*^4 uJjjaj Ij JjU^ ^iL j-s-J»J ojJtJ Ujj^* <pj-«w>v« jj ^ JUil 
(jl 4j C.*^.> (£J2&4 c£Li»# {J( Q J c£ljta O^U 4«u5* (jLj Ij JJ>** (J 

^Ijl^ O^U |*-J^^^4 iJLil ^1 A^%JU0 4j C ^ *o »J LAjj^v^* jl ^Mfl^AjI (Jlijl J^l .OwmjI JJ^V* 

<jjl^ x x oLwj Ij 4 a i l T f* .ci^wwjI ^fd^ibo c5l#Jm *[}( ^j(js 

(jl^ip<» o*i^» oUiJ Ij u Y - f JiLi aS’ ^U- jj .juiL Nl 

^j-j jl u Y - ^ jj ^iSL^Jl (jlj-j JLLlJI <S ^ ~ JLJL>- .cu—I ojUj 

(JI^L ^j^^^ <lj 1 > s3~‘>1 A ^ y ^LAj^>v4 J>w«) o». 

jl Ij i—aJI X — f j*Xy jy~ i o^ J 7 U ^ fii jSjvijJi’ Ij ojlil-jl Jjj^* OjUj oUa>-jL* 

(jjfc 4^ L> a 5*Cwl /3 JjU oIi>m^ .Cw»l N = y 7t / 9 (jl ji a£ jlloL ^ N a*j y> 









J$w UJUij! j ^La>4iJ y> ^I^ ^jSj c~£^jjj L ^jli&L; ^ 

jt i i * i jLp 



( V r-r-^) 

cilri (KJ^ ^y \ - \ - ? c-jIj Tf ^Lj a5cjI L 

jy*-* 


°\ = C n<M + <^t*t + C\r*r + + ^Vo + (r-r-f) 

'I 0jl2-? <>%L*p <Si Xyt r aS ^j— i t Qe'v^W (^LAj^pw« aS^U- jj 

j jJj o^mo jj C^ a£ ^l <]^aj 







,q ^***yt± c5^ ^^0 c5Lj^S2d 


rvo 


[^] = 


^n^Y^br ° ° 

Cn^rY^tr ° ° 

^r^n^rr ° ° 

o O Cy Y ° 


(v-r-f) 


‘rir^ ^ *i -^b <SjJ>\ glj ^ b << ^ 0^9 o.>jlj.i <ib^ ^ 

j-fiJIJSj-i JJ l ol^*A OjUj aW pjb Xfa J\ C^l Jl> .JL-j^ 

Ojlij 4>J_^ 4_^ A_f Sj .a**^ £J Cc# Jj ^J ^IS' gjh tJLil 

lt^j^ J °*^*^ 4 j6j cSL -Lib 4Juil:> ^jb ^ jJujj 

.c^-l o-Li o^b V — T - ? «*J^L*-« jj <5 ^c^m-I of <-5bj-M»Nf ^UojU 
4 “L^b** - * ^ (^J Jj t» 4j jjy jl ( _ r *J jjU ^^LaIS* 

Lf-)I JUljI j T - f J-£-i jj o-Li o^b jbij jjU; j 

; C n = c ir LL^I-L (<—i51 T~f ( J£j,)X ] JJ>*A Jy>- <\o ° obj- 5 b •** J~*>b>- 

Xf j^-o J y~ <W ° oljj^ c5^ . Qo = J C T r = Qy , Qy = Or , C T ^ = C n 

^V\ ~ ^TY > ^MY = ^rr > C\\ = ^TY > ^\Y = o-LaLL* (t--A f-f JSLi) 

C^mJj (<--J f - f J£Li) Xj- J y^A J y- Ti ° obj- 5 b t oyi-Vb . C jr = j 

0jjU^bC^<^ (> Joly cr oC u = A J C TY = ^ 4bjly bc^J^bo.T C YT = C n -C u 

^j-Lj jb-Jj cStr-i b J ->b a^)I ^Lac-jIj Ij 

.CwjjJ Oj 


[ Q* ]= 


A + t^ A A 
A A + Y ^ A 
A A A + y^ 




(A-r-^) 





I r 1 


(i—iJI) 



0 

1 

0 

-1 

0 

0 

0 

0 

1 



Hi 

Hi 

0 

•Hi 

Hi 

0 

0 

0 

1 


r-9 JSLi 

.Xy Jy oljjl fC>° (y) jXy Jy ol(v) ‘ X] Jy oljJ- J ^ <>0 ('-^) cSl/i j 


^LaC-jIj (»- 


Y — ^ aJjIa^o 



I v_4 j jl*J ji 


o jjU A^jj qLj v j E 











(j* fH o ciiLj&us 


rvr 



fl-r-?) 


^ b .r- -^l ^L-l JiL*. J»- j c/^U. J-SLU 

i_si^®‘ '.* r ’J .j*—5 ^ { j A j i S* ' ('■ / j~ Y f Ut \j L^jl 

u^L»bj J i_£Ljb_*,t^_^/l Jj j_ft Jj .JjloXi jlajuj t _ s —jA)l ‘*•■■• 1 

<>*’-’ Jjj-o >£~-~''i\ p~>- JU-b J»U; ^U; tsjjj Jib olJu« O^jLw 

jJ • '"" ^ b jj—* tS-Jj ( _y~ a * * ■ " * Aj L ol-A-~« <Ja>J <jL»Jfc jJ j o: 

xL. j l*cij—. <JjI Ja,jl^i t «jL«Lo^*^1 JjL~» oJU- 

••Ajj-i 

Jtj o r^* <j*-Ar* O^/jLw *£ ^jJU- jj iXjLJ J^'yi (5^ Ij ,»^ 

'^{j* 

oN^L*» (u^iJI) 

Ojij + pbi = » 0 - Y - ^) 

O^^j-s-oci — ^ 4_Lajlj (t^i) 


Te# = My+ aji (Y-Y-?) 

Ojjli (m) 

°y = ^ &ij *kk + t fi£ij Ml r - T - f) 

L 

£ ij ~ -j? [ 0 + W " V<5,y O**] (<_J T ~ T - ?) 








(J-* Ai«Qq dy & 


ryf 


jJ Axm<jJ Xi*a jb*^ a 5"cXib^a f £oj> 6 bj ^1 .JUS*^a 

.Jbib^a 

oX£ o^b T — T — ^ A^bca ia^L&ol^o j+Ju ^.~.*j>- jj (£jj* Jajlj-i aS^ 

ol^wa U^b-« jl ij J *j> y- la ^l^j tCxJ 

4jjlx^» (_$jli5b b>- b t, (j-*J .Xib Jj^ta jl5ba^IfcAAlj-a j) Jaii aIXu.* aS"^IaJ Aj 

(\ — T - ^ Abl*-a) J^bu“ uVjb-« Jj A>tX J (r - T - ^ <Jjbta) <SjA <J ^jli jJ Y — T - ? 

•fHDJ^ UX-X pj J-wJljij J <bbca 

P u i,jj + f* + /*> u j,ji + P b i= ° (V - T - ?) 


4_S” -U,bj ^ • ~ .*XjLm*A ^^^«<,<.a j* CZ^Um^ljLo A) aS* 

T — T — 9 jj c^l ^jSb^a 611 -US'Ij T — T — 9 Abbca is»j-i 

b L -^ T - T - ^ a]jIa^» jj o^jS' ^jSb U- b ajjj aj j U^^iJ^S* b j j£ ^jSb U- 

.XbaJ J^bfc- 

tXabj oXm< ojb (6 — T “ ^ Aj^l*-a) ^y> rla .tf ^IA ( jIcJm 5' Uut>^J j^a Jaj IJ*£| ^iSj 

J> j^U b 6iy^ b OTT - V - T <W~) J$ jL*W ^jlfjL, c/^bca 

lS jrr^ ULjLl^-g< jl t-UjT o-^x JjL*j oVjbta b j jS'(^ y* — Y — ^ aJjL*^>) 

yj °^’ 5 ^ <» 

^ + 7^7 °*jj + ? (hi + hi) + ~T = 0 (A - T - ?) 


J^Uj u'lljixo b «w*j T y Jj .-U6b^a ^^-L (jZUw (JjtS}L O Uj Lxc Aj L_jj ^jca aS" 

!# 

ojL^j Uai^*La la! tc^al (jiUJ (^UaaIj^ J>- uSb J-abi O^jbca ^1 

p*>- ‘>lSI>-^S' jjiujS' aJjU^» jj aS* o-^I ^ydb*- 6*^ -UJba jJUi Jl>- 


.-Lib oJui Ju,<aJLa pj ojIuj j^Jaj Jbb 

y (T - T - £ AJ'bca) C*S^>- oV^bca ia-M»JJ Jbb Jjbj O^jbca 4 i6balu j jX^V! jJ 
o!-U^-« L$bs>i—^-a-S” bj^\ c (6ib^b^ *-U-J»b oXi ^^brf?! jlXwa oM^bca 

o!-Uwa <_£lj-i J- 5 *" j- 3 Alij?^iaj jJ ob^als^a J 6baJ j! ^aj! jJ 

iSjy -kb^ k 0 " -b -kb J >-1 oj6Uj .j yblt Ui = «,• fx, rj JSLi 4 j Sb^> 4 jlSba^x 






C J* ^ Jsl^Ckq ciuj (Slo 


(5j A)H j ■*ojLl J-*j <-5o jj *6" J^Li jj^h ^iJJ J^L—* (<—iJl) 

^ j-> J»Li j>iaj ^14 ^^ JjI—* (<~j) .JjJj^ JU^I Jl jJ ^jI j^ p 

JL^pl Jju jl jlju^l jJ (_£jl Ji^L J Jj jl? Jbj 


<7 n j <r n , (jyY {J ^j ^U-uJj^ t l-aJI 6 - p Jiw jjiJJ c^jw? j ^1^ 

A J jJ Xv jJ. j! JaA3 l5 ajI^7 OJ j^>4j oJjL^ylj j JLjloJut jLi^-1 yu& L>- <u>jb 

cri AisJ 


°ij &ij ( x \ t X r)f 


(hj = \, r; 


0 - A-P) 




y_j <j (\ — f — 9 aJjLu*) JjUj c j .i ji j 


°\\,\ + O’lt.T + pb\ = ° (>-iJI Y - a - ?) 

CT t\,\ + <*YT,T + P b 1 = ° («_J Y - a - ?) 

j-i jaI(Y - Y - f <JjLw) O^oj-Ju - (jijjS" iajljj 

e>\ = «>,», «n = M T ,r» y «, T = «,, T + « Ti , (r-a-?) 
yt - v - y tjjU^ jcjl. jslj (y*y - v - y aJa« ) ^oV.>u« 01.3^ j 

JuleJ-Jii j j j aS* jcj^I 

£ \\,n e rt,n = Y £it,\y (Y - a - f) 




( 3 ^^ 6 b o cSLj(S i 


rvA 


£ 

°w = -—^ («u + vc TT ; MIv-&-?) 

£ , 

a TT = ^— r ^ + V£ n j (uV-6-f) 

a ' T = Y^T £,t = y ^ £ + v j y,t = °y^ (yV-£>-?) 

•f jjL)* 5 ^ ^y^b b oV^l*** ^l 


■ ■ 


■ 



- 


- 


£ 


V 

\ 

O 



£ n 

cr TY 

^ -V 

V 

o 



£ yy 


<^Y 


o 

0 

\-v 



e \y 

- 


. 



« 


m m 


ob^Lr* 4 b ol-Lw« o^ix4 Ui (i = ^ , Tj ^UrfuJ^ i_****^ 

sS 

1 « /3> »-<-u.-0 L^U LL mi1 ^ L m »^[I !j ^J^L) J V * S j 

Y (W vj + T (f-v) Uj ’ ji + Pbi = ° ^ ( i >j='>l) (*-*-?) 

<i}j*JijU r = . & J^) 

.XImA Xy jl iaJLd o-ULa^iL (jl^oj^^Ju 

Ui = W; fa , x Y> ), (i = ^ , y; 0 • - 6 - ?) 


<J ( j^->^jISjL* j JajJ Jj tJ^Uj Cj^Ijco t cJU- qj\ 

Y* ” 6 ~ P fc T - 6 - f ^JyAj ^yju tXU^ ^jil) ^IoxAmSJ OjJ-U3 <jLjb 

(jd-k (_$Iaco1j (ujLII f - T - p aJjL*-*) lS* yb j^)U t 1 . T — 6 — ? j 

<U*£^j JGIjj^ Oj y*0 






(J-f 6b J a+&,q C$uJ & 


TAq 

L (JjIa^cjL^ V - 6 - f j 6 - 6 - f c/bbL** aS cl^jI ^S*3 jL Li 

jIx^» jj -L,*# -UaIj>- <jL£j \ \ — & — ? j \ T ~ 6 ~ ^ y aj a^Ju# f jtj£ 

4*1* v / 0 “ v ) 'L lj v jE / 0 - r r ) L I jE ^U- {J Zx 

c^*\J*J> y>y jj uiJI 6 - ? JSLi Jjj aJ j> jj!j c^Uj^ ^/l aS\j J&J&- j ^ 

J ( j, ' S3 » ■ ] <• A*iL AL*ita Ojlflj <jjj A>iJU0 ixwuj Aj Q->-<-<J Ul t JuilJ CUai-i^5o 

b U^J-^ J cr*^ J- 5 (J°iS {*£*&*> oJl>- lj 

<5 — ° (S*-* oJl>- l5sj .XijSy jhaj Jj C^«L>wP c^Jj jJ .iLLo Ja^u 

^ji ; 6 - f’ J^Li ^rr <aiy £\ lyjy a^ta ^-jl A. I^ ouJ^^fl Aj yyuS. 

.JLojIj AJ L m>L jA +0 jl y*& 


j**- < » f - ? 

jL 3 j (Jjj <jUj yj y y>yj> j Ojlj>> A>-jJ olj-ulj Aj U ^^j^j aS*^ l&Jh 

<■ L^l jj .c^*iL jl^j ^ (J(y octoo l jla«* j*L*^-l 

O-Ul A^jJ a 5*<jLij lj ojLuj Ll^j du.jA; Jaitf 


J-S' aS* J <» 0^ L5 Ia^ f t 


p - p w + P rr; 
y y ' fc y 


. d**. *<I o-La/ ^iaJL_Sj-uP ^5* 

.Xil yj jj t 

(\ -?-?) 


4 - 5 rj- i £ y^ ^ J l 5^ j ^’* c*5jLl^ £,y^ 6 ^ a 5* 

jJx» Jj (JjLl>-l Ojl^>- Aj*-jJ 6ly^4-> T J £ry Ojlj>- A>-Jj (1)1 ^le-Aj T. £\ ,XS^Jt Ojl 

bLoLS' |»j>t_>- i£j j>- <>-j} j~*j j* yjy ^[jtyj£ tjjjji Azi£ 

jl V»»«*>1 d^jLP JL JLiyS’ 

£i / T) =a(T-T.)d ij (Y-P-f) 


(j^j : ' ,i ^ “ l ji t* ji j~" ■^ > ’^ c5b^ J J *^**"1 (S'J°" a jT jj t£ 

*S -Uj^ jU: \ - ? - 9 jj . (m/m/°C) J-iL^ 

. Jjia»L«Lj J-JLo jJ t-“jjl ^A *" V«^J t^Ji 

<jij-J uSj> O^jli jl J \ - ? - ? aJ^Ia» Jj T — 9 ~ ^ aJjIxj» ( 1 )^^ JjIj L 

•(*^ -m 'J( iiii 5^ 0 ^L*»l aJ^Lla Aj aJ^Lca <J^ ^Ub^iJ £ 







JlX ^ -0 ^ ciuw» lS2o 


rAr 

. «Ajb ■) ■< X ^ I Ij Lt_Oji 4 a yy>l ^jj \ J*Aj) ^jj Lwww 4 i^y) jLjp\ 

.Jj y*j* ob>w«*«fc Jjb Oj'btalA# y (£jj* jajlJI 

iSji) j*** gtiV - f 

j* ^J-*_>j^ JjLm**« ^Ij-> c/btaU—«tJL-i jLj &—f j«> *£ jjb oU* 

Y-A-? aJjLa* cY-6—^ aJ^Ia* t(J^L*j Jajljj J^Li (, ' ,m ^$Jj*Jji) *-***» » y ^Vl 

^1 Jl>jS Ij j (Y-6-? aJjLao) ^\<>%ju& j* aj^ y^ o^ybi j 

aJLwjj aj j Jijjli^jL Y —&-? aJjIa* jj ^Laj jp aS*^Uj .uiw»! 0 Y—6—^ IJjIa*) 

(Syt^ <S*~ ir^* (^^Lr 4 4 ^i = ~Vi *£lSjj^ ^ ujoj^a F ~ ^(x^x^ ^b 

'.£>j*5i^yt o.>ta jij JSw Aj ^yljLp cJb>- ^1 jJ >^S <—Aj^aj Ij <f>=<f>(X^ ,X^) 

a n = 0 ,yy + P* / >* °n = <t>,\\ + pV; °n = ~ 0 ,n 0 -V-?) 

.JjjJi»^o c j~*b jb«5sj jji? aj JjIaJ o^ULa* t^—Aj jjlJ ^1 jl q^IaImiI L a 5" JLiS*<L>- 
Y — ^ aJ^Ia* jJ & — ^ aJ^Ia* jlj3 L ^Ia>iAs^ C-Jl^ jj 

a \VTT + °n,n ” v ( a n,n + °ty,ty) = TO + v ) a n,n (Y-V-?) 


IC.w»l jj j Aj 0 u^ u>jj J- 5 ^ 

+ T<^ m + 0, Ym = -0 - v)p(F n + F yy ) (r-v-f) 

Y—6 —? aJjIa« jj \ Y-6—f aJ^Ia« j- 5 b ^cJU- ^1 caj(JL« aj 

: f^J L r 4 ji3 *i 

(^ - v ) (^n p YT + ^n) - v(a MfU + a YYjYY ) = Y(Y -V-f) 

0 L 

0,nn + Y0,mr + 0,mr = “(> - Tv)p(F u - K YY )/(^-v) (6-V-f) 

d—< w< (. Jj^iL L j lS^J ^bbj 




rAr cs^ 9 

♦Jc5* Ij aJ^I*^» Jj \j (f> j oJui» yup C^~W~9' j 


0,1111 + ^,mt + 0,YYYY “V^— o (? M ?) 


^Ijj J„>. <lp/ J^tS’ jj^- 4 ^ y p£[>- (£jy cJL>- y> y t4^JI 

t- 

j jJb 4»j Ji*l a *■»»««>• ^ (^j- 4 ^^"^ cS!^. J-*^ ^r 4 ^ 

4j a 5* ^jUb(JlL« a5* oLo-AJ^y jXy ji ^jI^^I<1^>- JJ*>- J* (J*** 1 {J^ 

.JCJLwwJb JLjL« (CuiJ oJ l*Ii o-ita oLtj Jj 




x i 

«¥ J*~ 

A 


( v } 


W«v ■' 

‘ W™ 

► 

-*i 

6D } c (<“ 


t-j ujG 


+BiC 


m n t 


Jr 4 * 1 

T"’ (v) 

I 


\^-B,e 


i -v-r jiii 


ojIj I 4 U 4^jjI y>y L> ^ jjJ (<—> ‘Jla jLij <uiL c—£>• 45*1^ (_ 5 j? ^L la «*■>.* (u-iJI 

L^j 45oi y^y L #Jmt o~o 4 j ^ j ti- 5 lT^' (V •^—** oJ ~*' <b o— •\D r y^> 


.JLiL£ r J .6.^9 Jt£" CjL 



(j-**** (j-f (J Js^Ckc c£Lo (& 


ur 

(1)L£j <aJlN —V - 9 J^-i y il)l -iLul aS" ^LLxm.^ iSj\j ^\apJup (S^ji *1 —> Y — 9 (J&o 

o^jS" ypy (SyJ olj^ *j lj *^ry jl ^IaX*x JJx v«£j cC-^l oJLi o,>ta 

.Jj y+p ^y t —ux y^y tjtzA* b Ol jl j 

(fry = AyX\ + By JC^ X \|r "I" CyX\X^ "1“ DyX y J^Jj Aj ^IaJLoX Olx ^j^Ju lj l (J^ 

£j“J 0 ^y^ i*p i jiuj ^Ia-Lox* OJx ^j^lx J^Lj* ^jjl colxIL)l .JLOS* 

, 0 «i««*I CjjyP { jl»> ^o A^j^a ^Ia^IaL*X O^X J ^£jLm*j c-jlxlji 

Lj oJ— i A^lx—* ^IaaaJJ* j) ^IaJUx JJx vJL. jjl oJLaLw# y**j jl *^-* J 

^IaIIm*^ ^\j) JjL o^Lox ^\jS a£ ^j (^l^iiL ^I^S Jx ol y y <. \ —s/~9 aJ^Lc* jl o^LaLmiI 
JjI^. J y*-^> jy^ <-> lj <^x t J-J^ <>*-* AJ .^j-i AS3^ J* y ^tx 

.o—»l ^jbj^ j\j>(py aS^ ysS^a jjj s+au 9—\~9 aJ^Ll* J* ^Jcl ^ 0» ^Jj&tx L 

. Jjy**^y» o^L yj tJlJjyp Aj Lft^Jtuu Aj 

cr n = r c r x y + ? z) r x y 


CJ yT = 9 Ay X^ + Y By JC T 


^Y- Y By X\ - Y C r x y 

y .lyi* Jx c-m»I JjL**« t jA+Pjj* jy+e <—ilix-« ^Iac-jIj c^IxijI L 

!-Li J-ftljx Ax y yp\s>- 2jy Jl Aj LkIj I 

Jx y ol y y b ^ jy ^1 y+p <py yDy y- aj Iac*jIj J^S y»y (u-iJI 

y <S jLxu^A jl ^1^1)1 j} ^(jb(l)U^ ^jL- (J^Ia* aJL*-#j Aj y v«^j jjjaJlx ^iL«x oJlx 

01^.».m.> ^jiax jjb Aj jlj C-sfx .C-JjS*jiaj tC—l oJLi jLiJ c_J \ —W~9 J5Li 

.OlSJj^o jy*-* jl aJLpU Aj 


°TY “ ^Y “ ° 


C7 n = ^Z) r x y ; 







Of -(3 (j* (3 Ob C fuJ fiZo 


rA^ 


-J. D^ B r ]e>yt» y I j( o^Ui—I L .JUiL jbu*& Ju L x Y = ±c a n 

°^-®y *-^d U*-’ lA*-’ jib^ -®y = ~~XDyC^ *£l£jj^ 

P Y V 

a u = -P Y + —=— 


Cribi^-* °-^ <J-^* A* l Sjj a \\ y. aj jS^w jb 

P o-Ui JUpI = » jjjJ ylpl ^j' lSjj yj 3 jSj\ b&tfl J^l>. 

'-rh + ^h 

3 jJ^ 'Jb&Sl f 1>J L .v^—i jlJ ^jj c~V>U ^bjly JJ^ <u { Jc^ o-o'Ap 4^ 

:c ~ i P jii °JJ^ ^ ^LAlt* b cA od!y>. A = TP/Tc ^ 0 b 

tp 

a " = -Trj^Y 


a n = 


rP 

Tc 



•(HlA Jl>- 4 C—»i/ Yc /r jl ^ Xy * 1 jl*~« y I (^Ijj LI 




P 

j A*Y / °YY — ° ) 


J r r 



‘V) 


.C~J yLjJL (Jjjl J-S»U- £J_bj lj Jily 4jf 

C$jA lA* <A lA^J A-'J <J (jlo^9 A “tAVI ^ J^- yJCj>- 

^L-l jUJI (.jylal^ 4 j . Xs^j t yiib C~-0 Oj-i jL oLal^* 

J5Li oUa c0 jr oU>o. jl yljb* b ^A tA AA L ol yut 

^ t^U-i cAjA j oUJI ^jI eSLi’4 j yuo t0 JLi o^b jLij ?-? 

’(•O^ jiJ 4j^bu4 Oj 





9-9 jm 

| _ r iJ ji uUJI 

HOL. + J_£^ + a J—fl + R = . 0_i)IV-V-P) 

dr r dO r 


:j lao^ <>yfj j~> ^L*-* J 


J_3O0 + dr^ + Y ^ + 0= 0 («_,V-V-f) 

r 30 dr r 

<_jjlv-v-p y L* -U ^»> 

■ 3 ^ , l y or*' 1 Ji3 *4-0 



(>_i)lA-V-P) 


(yA - V - f) 


> aft \ dty _ d /_1 # \ 

= Y I f ;}/) I 


(yA-V-P) 






C>±~* JL^pO (j(&Z**y+* (5 Lcb cSLj (£c 


r aa 


Lj 0 fjyj £>Ij CJjj*0 Aj <j> lJu+0j5 jjial* AjJp = </>(?,0) l^jT jj a£ 

•-^Jcr 4 c ~*° ^ jiJ ^ 9-S-? SLU* jl jT ^^JaS JSLi jj aSxS ^ l~ jJ !j V T 0 = o 


w = (4+-- + 4--4V^+-^+4-^ = 

^ar r r dr r r d<? T /^ar T r 3r r T a0 T ) 


0-V-?) 


ck - ^ jij '~ > jy~ £> ^ V f *<JjLm 1C-*I OjUa* t y} ai jy*-* o~> J *5 ^^JLj OlJ~* <jly 

VV= (i r + 7'i)(^ + -r‘?') = ° Mi'*-v-f) 

L 

T jV r d r 0 Y dV d(b 

r ar T + Yr l?~ r # + r ^ = ° M*-v-P) 


AiJ (jjJ i^ljj ^Jl*- a5" jIj jLD jl y^° 


<t> = A \nr + Br' \nr + Cr* + D 


(W-W-?) 


3 J^~ *i L> jij (J^-“ tjjliu cJl>- *5^ 

^ = 7"*" = 7" + s (' + Y lnr ) + YC Mhr-v-?) 

ff « = ^ ^ + B (T + T In r) + \C (<_,\ Y - V - ?) 

r * = * ( v \Y-v-f) 

JjLB j^ 4 a-Sl Aiilo: ,^w»- ojjj £-* J^*l jj ^i 

Aa! yi. <L£ jl jj jL~j tjU^- o,^ ^1 jJ> j> \ y j iJu-iL 

jl_^_p aj jLij Igi; t-Lil ,j\<>ji>- g?* *S 

.jjta *j>-j o jUi« ^^JU- 

^!oj^j>- t-U5^ l L^ y lj 1-L-* jj ^loji>- L ol yut cJL>- a5" ^U- 

L^JJ-t J-ij cJL>- Jjii .C^l jly jj jj jL»-« cl^j Cwl 






r - v - 9 jt* jsa 


j aS ^olSu-A oJUi 9^1^ jLij jLol \j oJ^>- jj ij T — Y — 9 cj^° 

.jluS’ y J^L*-« C-ob 

jlj ljy> (Sjs> iulj-i .Ju ojIj \ T-V-P ji 40 jL 1> jl *<J^> 


.r ~ b j lt = a j*a r = 0 

0) 

fib 

• tiJj j - 5 J <Je dr — ° 

(T) 

rb 

jL^uI j - 5 j r oq dr — — A/ 

* a 

or) 

Or* cSJj j* T ^ ~ 0 

Of) 





^ * ^ o ty (jCib eSLj (Sc 


rio 


o^l aT .wl C j B A (^Iac*jIj *c_^jl_>t^ L^jl jl *£ Jjytt l ^A j^y** jtj o*bf <t Ja^l 
0) cSj_r* jl ^IjLt jj a 5"|». ; ...> JUJili L ^rJ^>- j i^U^L-i j.> .)y*^ 

AJL^y y_j CAjyff 4j 

^4 / a T + 5(\ + Y In a) + YC = . 

>4 /ft T + £(\ + Y In ft) + YC = » 

*-i O') -Kr* j' l/'j^ j J j'-^ J >*rj ••Aj-j*- j-' (iW^* .>■> c#-^^ cSJg* 

4 J* * ^ J« 

0) cSjj-^ 0 -^j—^ jl ^ ^y*~ ^ j«^ ^1 

(V 1 ) <£jj* -Lj! ^yjljLp J-> J<5 j{ &J-j» JUpI ^UjU-4 tj>U*jlj-uJ J-^^4 

f r ^ dr= [^ r f_ f^ dr= _M 

J a * Lar J fl J a 3r 

jl-5 OJjL*£ jt J jA *0 I jJ J^S* 4jLhJ>> ( \ ) J? j£t Aj 

<t>B - </>A = M 

L. 

A In ft/a + B(ft T In ft - a T In a) + C(ft Y - a T ) = M 


C jB (.A (_gUc*jlj j ijl y ^ lj (\) J»^i jl J~eU- JJjLm j j elj^jk *j OjLp ^1 

.j a..... ^L>^ Ij 

„ fM tlT, ft 
^4 = - - 1 — a'ft T ln — 

/v a 







o (jfj-f (J Lib i a u A o cSljffio 


nr 


0 = (/4r T + i?A- + Cr + Z> In r) sin 0 (\ f - y - f) 

Q> J* {)** iS*j> ^-V-f 4-tal*.* Xl^tj aj oJ-*i 4jijl ^j£jj ^1j *5*«la.> oLtJ :)* _ y — f* Jto 

o^ULu a l P jb oy»ta 


yj o^UAi]A-v-f ibU* jl: Jo. 


<7 r = J\.4r - -y + yj sin 0 
o* = ^Mr + -y + yj sin 0 
?# = - ^Ar - -y + yj cos 0 


r a jiO r x,# o Jajl_^i ,jjl^jbj >x^ > » -lili ^la-i LS ^jU- j ^U-i 

iS^cr^ £y>^ o_,_^a> *j Ij JL^IP tSjjJ l j t ^u> .j <^jr=b ji j 

jl 0 = » jJ J;J jljT (^L^l (^Jj ^y 

f*J *-^> 

J « J ».. 

.JJ yi^y* (j~*ZD jB jA ^Uoulj l$Jl jl aS 0JLi «d^Lco <u* <> JaJyj. ^ I 


Mo _i« + £ = 


yjh TB . Z> 

' Ab - T + y = 


~.4(fr T - a') + B & fl ) - Z> In — = P 
0 a 


t ^4 yj> j OjJ^> <J UbOub J>^>^ ^ J 4— ^1 J>- L 


P ~ PaV 


A =^~; B = 
XN 


■ p= + n 

XN ' TV 






\ V ^ o /C /jrf 4 << /^(ft f (Sic 


rir 




*»« 


Jy^ 4 + \Y5r T + -^-J cos Y0 

+ ?Br' - - -^j sin Y0 


oLJl 4j 4 ^-jj L .JuiL i-Sjjj oji>- ^U-i L LiU jj b *j>Ju 0 y?y *£ jl iS y»J& 

.-U-ujIj j|^3^j Jj L jij jj-»i j\y I-L-* jl b <JL^Ii aSj£ 


o r - S cos Y 0 jj r = b (\) 

5 

= - y sin Y0 r = b (Y) 



.AI-^i jj Cj jj+0 Aj 4^ Jili jJ ojA^- ^JL>-b j 

o r = o y r = a (X) 

= • >> r = a (Y) 

tJjj-i ^^Sji (^IaOjLa 1j *&^yLaj tJaul^*i ^1 










ri? 


cT*** * 

4 -^ L 5^'“ > " c f^u5'* b LT^tV^ J j a -^ m *^ oi^ 0 - 5 ^ •bj?Jjj^ b 

( J^-i ^5*j^Ja jLk-a 61 tSl^i j*M t Jit** c^>«j c-ub (^b^b ^ai« jJsu* b j j>v« 

J o-^i = o j J ^ ^l^jl ^iaiu <j^j* .C^J 4U3^*jl^i> to Jut oili oLw < iMv— ^ 

£^bL* <5" oi j> (j^j* '^j^y UUiLi jj>*+ <Jj>’ x r = L j* j? ^j a <u ^Ja-^ 
^ t^ 4 *—ij|j j-* J *UjLo^« ^y>b 4 JJ >%A ji 

^Ja_^ ji ^lAjaiJ i^bJ .JUS^ oljj^ cC~J OjIj ^I^IjI ji 4>*A*a JJL^U 1 j t^-y-llL* 
y^y* £^bL« J’ 5 J* J^- 4 l£^ -^j^cr 4 <ij|; •jl-^l <|^r j*> £*lj ^ a ^ 4 

j«* ^ 6Lo-fc toi^jXy jj>** j\R <Lpli b t-^»Ll4 4^T juS"^* Ij oiL^ 

J5w) C~Jx r oU^> £Jj* jJ^ /* Jiaij b <Ltf»li ^jyi .C~*! oJut oih jbtJ <^j\~? 

j++*-J J jbJ ft 4j jij ^yt y^jS J ijMjLy* ^-OJjJU t^JL^li ^1 ji OiljLuJ L .(<w^V-f 

J£ 

4 oil*bj -«>s(<\ o -/?)=-—- j sin^ o -/?) = ^ lyj tuu^l oiL- 6 ^ u r j u^ (jUotSb* 

u, = -& r x r ; 1^=6*^; w r = o 0-A-?) 

.UU-i Jj>^» -b-ij J^Ja (^tjl 4j J^~j>; Sj jlj 0 4$ 
jl ij U Lr tJ jfi o\yy 4$ Y €jj = Uij + Uji tD-V-f SJ^bc- Ji aS' JujjI ib 4 j 
^JiL*— 4 ji \^ i j^jjS ^bj t^ji^j ^IaaaJJ^ 0-ijjl uu-uui 4 j (^ijj tijS"<^ ujL>«^ \—A—^ 

.(^ = G^lA-Y-f AJibc-jl ijij) J^ji'^jIjiY-Y^ 


<7 rr — G9x^ ; cr^ r — -Gfe^; — cr^y — o^ — cr^ = 


(Y - A - f) 


2jijJ OwUt ^Ij^wU^i 4$ { y^Jj 6b^ 4j U ( jijJ^ djZy+A t^jiJu ^! ^UkjT ji 

4j . Jjj-*i^> ^b" Y'Y-V-Y 4Jilfc* ^jl^jL- UJ>M^bc« i J S JLuJ b yua b j uLo^ti jl ^ix>- 
jA ^ ' ~Y-f aLU^i oV^bw t j* ^y. k>UL* jj±* 
tS^^y* <i tc-ik* I ^j^ .c—I Jlz Jili jjm ^br -*y*y ^b 






JL^»c (j* 6b JsujXq cSLj ISmo 


ru 



A-P JZJ; 


JjA ji <l^» J (_$ 2>yttS’ 4&J (_$Ia^ ®l^ja £fcla—» 


**->■ J? VV-^ J- 5 L ^J f ’ ^Jj ^l^iaij Jj n Off j-> 

R = a £l*_*i IjjLj 

Jt, Jt Y G 0 ^ 

<V — + ^rr — = — (-** + * *r) 5=0 (T - A - ?) 

I yj £^a- jl y> j* Ji' ^^ 4 j 

t = Vtf, r T + <r Yr r = GO^fx? + V = G0/? (T - A - f) 

(jl jj ij^C' *S ^Ul afl i jA ji £l«_i aj ,yy t »—mwmUx« a5* 

:*S^t, jy^, ^.4^1 *j*jL*> fjjj 'jt.y ^Ujjj ^UjU^* l 

M t = JJ (x s a n -x r a , r )dx,<fe T = GO JJ R r dx ] dx r = G0I p (& - A - ?) 

•C^*\ ^JaJU yj 1 ^Jai oU-«7p a5" 

£y-k J-* ^->1 Ji^- 4 jl js-* <-J (jy^iaA* yb L j* (5^ 

jixu CU>wJ ^UU oJLi O^b jLtJ A-? Jiw JwLi 

JSLi <j Uol^U L ^ -N-? iJ^lfc« Jj L jA\»* ( y~>’ j 

u \ = -QxyX r ; M Y = &:,x r ; u r = <fy(r w * Y ) (?-A-f) 







J^y-0 (j* (jUb bmtXKQ dL>(£> 



V,\*\ + V'.^t ~ ^ ~ **”' - *> W T (<->' > - A - ?) 


J-iL l5Lj^>jLa A—P o^b jLiJ C^Li ^ja i u JbL^(x^ , Jty) t^ljjlli 

^ cijj ^Lj >. JL «<{ c~~J oT J^JL* j 

* 

■J^b j* ^jaa« 

U*Ji L^i t-Ul*^A j^-j Jiii £&\jl* <w*-JjJ *j <5" JlJ^ <>■ jj I jj o j^p 

Lf+Pj* <1)1 (Jjj ®^L# 

JJ 0 \yd)c,dx, - JJ o rr dx,dx r = JJ o^dx, = . (\ Y - A - ?) 

(jt^*** ^ ^ ^ .C-^»*l 1>WJ I t (J^> ^ O <5* t>*ji jl 

• . t • 

g0 JJ(^'^ t ^'^ t=g0 JJ{^'(^' _x t ) ] + ^'(^ t+x ')i}^'^ 

(\r-A-?) 

<j lj ^1 jl^J^^# L)ij^ ^y4) jl .C~*J oJLi o^Ul^t = o ^*5* 

^Jj J-*j < AZSj ^C L.>w <J^>- 


G0 J X c,{(V/,, -x T )n, + (V/ |T + *,)w r }ds = 


• OT-A-f) 


^ ^l-u—L> w« L .*j+ t»^A ( ^Ij j *i ^ ~A-f JJL**j <> *£ 

u^ 4 ^ j? \ Y-A-p <bl*^ JIj&>I 

» 

jL) -^Lr 4 &r = L j-*r = ° ^cJLi ^l^j! jj 

j j XxdyydX^Y = j j X^yydXjdX y = O / ^ ^ (^(Tyr — = M, 

oa-A-f) 

<>w> Jlj^il ^-w*j— jl .Xji-.p Jjl Jl^ii j^cr^ = o ^S'Ujf jl ©jLj^ 


M t = G ° JJ (*’ T + ^ + X '^- T " x r 1 l , ^) (ix \ dx x (\? - A - 9) 





(W-A-?) 


K = G JJ (x, T + V + x,V> T - x,rp,)dx,dx, 

jU ■o ^.y.,1 t; — w '^ <~»As^4 (Jj^ 5 tJ-ilj «J-i 4i>-lx-u > Xt) 

■^iS 

9 = ^- (\A - A - P) 

A 

L tC~J cr^- <yJ*' 4 l/^ 4 ^jiS'J jL- 4 ^1^ «b 

! Jjlia-J jA<p 4 J jjJ uJjjl*J L .C^J O-Li 


a<l> 

°Sr ~7~“ ; ^rr 
<3r r 


0 ^ - A - P) 




= - G9(tf ) iT + x,) (Y® - A - f) 


'.)oJuf jl V* '—9-U- L 


V t 4> = -yG0 


(Y\ -A-P) 


Jili JuL ic—.I jc,- j_p^« L (^jl y> 45"c*iLi ^U- »-*-i ^y dyS\j OUa 

L . 3 j»i Ju L ^ ® — A - P JjU* j! <JjU» *S vi.^j>l ( _j~*-* jljj (jjl .XUj ^1; { j^> 

jjb> tl)Lojb h *£>_ JU j ^U- aj jjA jl jjl®1 j 3 S <SnjjIj y i_—»i»j-i I 

i_£ 4 x^ j ®... >•■ * jl jylo «l> .c—l -UU tXi «jb OLtj A-p y *£ 

j3 ( jiSJ! tC Ja*>^4 jl-Lul j3 J_p» ids i_... n l — ~-flg J n '~~dS 

:xi ajta jjj JjLit® c- 4 >- 


dx T dx, 

a ' r ~dr~ an ~dT 


d<t> dx, ^ d <p dx, _ d<t> 
ax, ds ax T ds ds 


(YY-A-P) 


'• 3 y il iS‘ , P v 


(Tr-A-f) 


»jlj jt 4 j jljLi® UvjI jJ j C—jI C-j 1 j J - 5 (jil) 1 !^*'. 



&z**2±* J s ^ cK o cSLj (£q 


j \ £jj-^ Lj .Jjj—i -bL cJLi ^I^ijI j Jajlj-i 

0 \ Y-A-p aJjLc* 


j/^*'*' = // [^ *']*’ - /"■]**' - • m 


K-?) 


4 jf coLm^ ^L-Jj 4j cajLjl* jji? aj .C-Mw#l c-olj 0 i£jj*P Ui 

jj Jjl jj jJ aJj)L*^> (7^=0 j^>- j ^ Y-A-p 

•^J^lT 4 Ji3 *■» Crs^j— J j-^^r 4 or 4 ^ je ^ fl-A-p aLU* 


J/[“ , '^‘- jr ’i~]‘ ii: ' <fc ' = "' 


(YO-A-?) 


tCwiI »-Li ( _ r i>jr* C i£jj<j> *5 c~. o lj ^1 jl ooUi^l j «.^>- 4j t y>- ,_5Li 


"JJ 


Qdx^dxi 


(Yp - A - ?) 


lJ a~>v» (_gjj £jb ,^jl (J ijj ^b (2^*1 ^ b .»i (jijj ^jI *j t^ij^bj 

^• 3 ^*—• jl ^ (•■s-’Lf'i/”* £ibJ ’ J Of*^ Y\—, A—p 4jjbc< j c...,J j j. , -» 







Ij oJLi jUjI l) c-jLi *-& ^J^d. ‘HjI; J ^a^ A ^ cJ^- 0 

.Ju^ ,>~*J j-i j- 2 M t Jj 


4j 1 I aJ jU^o : 


x, T V 

~a r + ~b r ~ ^ 


•(*~iAx* -H Ji3 ^ *j^ a^" Cj 3 




jc/ V 1 


Y\-A-f jl .O— I y-~e 


. 0 .A ojIj A <5" 


P + ^1 


rA -V + 7T = -VGA 


aVG® 
A “ " a 1 + ft T 


: y?-A —f jl JU- 


'uiWgq ffr^' >La 

M < = - ttf J J [V ^ p T 
JJ x'dxfai = 4 T = y tff>a r 

JJ xjdx^dxi = 4 , = y 

JJ dr,dr T = ?rab 


= nab 


:j!j ^ Ij J=- oly^ (.o—l o»L—) 


na r b r G 9 
M ‘~ a T + b T 




0 = — rtrl^ M t 

na x b x G 


..Iao^o oo oj-i ^jlJ5Li L>- 0 ^L^>l OjLp jj a 5*^jjUj 


<j> = __^rfiL + v i 

nafr [a T ft T 'J 


d$> _ TM, 
dC r 7Tfl/) r 


d<& _ tm, 
cte, Jia x b X ' 


L JL>- 


:l c— 1 j JU;I ^j^pt^ ^ 1^31 jj jS’U 


^mat — 


.L c—l j)\j> *£ c~JLa ^jjL/T *j 

K _ M I = ™WG_ G(A£ 

0 a x + b x fn x I p 

I y\y <JaL y Ji J^U ^ tC^lojjb ^Lu) a = b aS ^u. ^ a^- 


r = Vff, r T + a Tr r =^-r 

J p 


•C-wd ^Uji^ iSjJ^ ^ j-i <S" 

o/oL .jL. .Lljj L OljJ^ Ij IjjT Ja^ aS - ijy y *g j jj, 0J Lil JuL 

^jIjaI jl j\ji UJJ>j jyJ .Jjj\ o~o Aj JiLi Aj ( _^J- ^jL- jl L jl^"^ Ij J>. 

.c—I ^yUaJU jjiiu 


(jj*j <uv y / ^ - ,f 

j’j* !>^* tS- 1 ^ ->■> lS-^! <- JJlw ^ 



duL*. f- J-ai 


r°a 

T-f ^jb c/ibl~ J^^U^aS’c~J ^x-J^cJji .c~J 

<ci? <jL^ <5 jll, J>o^ ifj* <J-Lj -^^Lr 4 ou-y jJ ojIjj j -Li ob> 

Y-? ^i^-j ji ^IjiL> - Jui^» <jiL“ oM^lco ol^ a> J^U; jl 

c/ibbt* £jl .:>0U^iJjS 'j ^ £b>*iJ 

.JLjio-Li ^jjbb j^ (^-L*j <-Jlj?ijb 

j oj£ jj—i cJulo-Li Y-f aS* u£-Jb*J^ i^II ^bJ b 

:^-L5’ L y» jIj£j -L wL>- (jUojboi b UtLi jJ ij l$jl ©jbj-i 
t\ — Y—f tJjLiJ o'b!^l«^ 

Oijj+pt>i=° (S-^-f) 

Y—Y-f tu^v* jzz oMjU^ 

Y£ i; - = Uy + u j}i (y-<\-?) 

ur-'f-f k uiJir-T-? *LU^ iiSydyH 

Oij = Xd^ + YyU£y ( l -iJ | T' - ^ ~ 9) 

eg = j[( > - v)Oy - vtyx**] (or - * - P) 

Hbboo Jj jl A^lj jjb jly j aJ^U -4 tuSjA j_^b> jJ Y-^-p aJjU^o b 

!pj jjS l5 ^> CoJ Aj <. \ - < \—^ 

^ + (* + f*>jji + p^i = 0 (Y - ^ - ?) 

.cu^l j^-JLo jb o//j6to jl jLp Aj j C**J Jl AJjj» jl ^ j>- J-^JIjAj^ aJj bcc A^ J^bi A? 

SLU-* a_j Ij V-Y (ji^H j* °- L - i <y J cSh\ju> J ^3 ^Xo J y>y ^y 

jl \jj b ol UlI j:jo:/ JiJLS Y'Y-V-Y 

£ ij,km ■*" £ km,ij ~ € ik,jm ~ £ jm,ik ~ (j ~ ~ ^ ) 

\ ^ JJ^bco b jl •w^S’jJ J LoiJlY '-^ - 9 AJ.iL*-« jl o^Ulol b U^jXJJ o-^J»-jJ tj^b-i LLJjLp Aj 

^-jJ^cr 4 C ~ A ° ^ 







+ P £ ipjpq,pjj + (^ + PW.ijj + (^ + ^jpqVwji ° (*\ *\ f) 

j 3 y.j *-i *£ 

(A + lH)<P,ijj + f i£ ipq X Pq,pjj = 0 (\ • - 1 - ?) 

IC—I jij CJjyo 4 j \o-^-f aJjI** ji-lLoj Ji Zjpcjtpqpji = • *£ 


(A + x/OWty + i“V X vV = • 


(\\ 


V-<\-? OjjJ -L5’ ( _ r *&_A) JC-S’^b Ij W-V? aLU— aS> J0 Xe-y^A J» 

(A-*\-?) y.jb aJ.A~ aS" f*b» L> 

IJuT^y* O—J *J y j 4 > biy SyyJ* fjjj b <J,\*S.ysy y~>- t£-^J JJ^> <i 


vty = 

vty = 


(^ijlu - - f) 
(o\T-<*-?) 


c/^U_» ^Jj»- to—I A-^-P Abl*^ Jp- \ aS" jj-i «jLil JjU 

t/p ^ISLA^jb tj^LjUcjl \Y-^-P *JjU^> jj bV' = • = oolJ U jS’l.o— 

(jjJ (JjjfjU J \ o-^-f aLU* jl yj^jyy (jajS'b o—I ^ 

Ju j tO—I *£ ’t*' ^ 3 ’* 


w = • 


or-*-?) 


«,• (jljj ^, 19 - aj jJ <p by?-** cJ i^j J tXj j^jU £jb aj jl aS" 

:A5’j*-jb ( _y« jJ \ • -*-? aJjU^ jl JjS - tAjbi^ Aj .Syu^jA yyA 


w = 




*S\j\ Ui ^\y 1 ^ 

_j ^.i i» j (jl J U—* oL; a —aj (^b-'bi jd^b O^^Ia* ^bj y*bJ 


Cy±*** Js^JCKO cSlwlSuo 


^U- J5Li 4j j hj* Ui OlSbi aS 1^5”^ ^ji ^jj yj 


Ui= Y( \ ~v)F i}jj - F jtji (\A-<\-?) 


j oJ_j» ojLJtl J~J^:> Cr*j^ b A-^-f Ibl^ j* j^i» <j a5" 

oV^L*-« aS'^L^ j^A = cSj^ 7 ^U5*4j J-pU- ^IaIS* 

*a5" (J-w«1j 

V t F = o 0 ?-<\-f) 

jUiol aS'aJ^oUa .c^i! <5!^ <SJ>y>j\jt jb^ y* 

obuj ^ .^jb ^y>-jF \jtjj j(f> t JJJLwjSs ^yL*£j aJ^L*^ Jl>- IgjT <J jj>- cC^-ujI 

:aS .ab 

<P = ~ F i,i (i_AJI\v - *\ - 9 ) 


J 

«#afty = y( \ ~ v ) F i,jj {<->\y-\-f) 

*i V' V-^-P aJjU. »&T cJLil, jj uSw j^jU aSX u-iU ^b ji tXJ^jU Jaii tF ; ^1 

:jj .^-i_y* jij ^jj-^> 

Cijltflc.j = ' 0 _iJI\A-<\-?) 

• J >~’<_r * F J# oi>. j 

tii = ~ F ijJi (<-j\A-<{-?) 

*-»V $ *-; cJl>- ,jil jj 

c—<1 o1./jt>v 4 jl ^yajbF,- a 5"F = JSLi <j <j 4j-^j L :)_i f 

p ^ 

^ £j»z* c5iJjsH ^ j* J>- CHL 1 jF r =F r (x^ T pc r ) ^ 

(JLo-pi jb^ AjJCf j jp^o C-^JL-a C*s£>- j uLaI>u« 

0^3^ <dL*+o ^jjl Aj . JjjjT C~mO 






Js^ S KQ CiuJ>^SuQ 


= J K)w. 


^JjjUj jrdr = RdR LI 


'—[o-^/;f + ^/;^] 

: ^^ 3’ -> 

£ =--- 

Y?r(\-v) 

— g-jSL^ J®- ‘®-'-> i %y*y lyjj J i ji' j* '--’^■ 5 '-*'“ J»- cS|y. f j— 

X jl XJ y>jW ^1 y ^ ^V^U* 4j <5* j (Papkovich - Neuber) yy 

l> 45" (^l4j £ 4j olSU j*»J U jljjJ jk 9 ^* jljjJ >-& J 

jlu jJ jrfj 4j j LaJ JCj L^AAjjrO jljjJ J JmujLj jijjJ ifi 


«,- = Vi - Bj 


( v &k),i 

< f(\-v) 


is*-**-?) 


(■b^wi ^j Lm*OjL<|A ” ^ ^ j ^ ji mj jl ajLiImJ tj J / ^ l^*^y) ll jijw jJ 4^ 

C—J 4j 

pVijj - (A + Ya)5|»- - -^- (A + p)(V k>i jjX k + Vijj) = o (Y« - “\ - ?) 


^~*b jij LjJj-i *5" 4 j oV-ibc* ^1 

V T V = « Mhn-<\-?) 


v y b = 


(<-A^ -<*-?) 


ol5U j+Ju jbjj ijlji ji — VX,Y' b ^ cL^Ljj^jUs ^jb y* o-J j 

jtajj ^bjol jl .JLi JlaIj->- <* <.xS^y» j^ob lj jj jb i\jl* aS\ < \—^—^ <tabc* j\llj 

J pjh jl JjLL^O 4jjB J jJ 15L^I £jb Ojk ^iJj-4 4tM* IfJ jlS^a 

aJjLa^4 '^Ij^j b £^l obu*j (jl^jj.J j^JI^**iI b A^t Aj ^jwJbiS'^J jLj 











jl oj Ui * J b A_wiL>t^o ^Jjtii ^**b*-* jy^ aj .d***jl oJui oIai^IXj —- rw^ ^^L-wj aS* 

• C-w*t ^j t — J . jy& .C-^-wj! W; SyoS’ A& jta^j V,* aS" twUib^-4 CF^ = 

- . ^ 

<* = (rA + \p)a, + (r<\ - <\ - ?) 

.V,X,- = O iyj 

<.*£ C—<1 ^u^ij J^. c5jy» jl>ly 

°at = -P) J> r = r, 

°N = -Pi j> r = r T 

•jWj^ b jdj ojLil oLJU»p j»l>*jl b 





Mir* -<\-?) 

( v ro 


JjU 4j*iljjp T = o a 5*^U-b/>, = o aS'^ ydU- Cr^JjJ* <i!y. ^y^b <> 

•(Hy.cr 4 ^ *—» lt- 0 " £jJ.y j* b b u^i <y~ 

*i 4 t>iJ Ji .Jj y*^ tJ^I aJ O^Ia* ^UJ*- JJjj! CU*-0 Aj jj! a^« Aj ^1 jJ 

J^Uj b ’-^b t^b^b ~~ b ol Jbb J^lS* j j^~^ 

•ff^cr 4 JjtH vb* 

°W*= o (n -<*-?) 

jLj jij Ojj-u? Aj ytJu jlJLw« 

a y ^ipq^jkm^qkypm (Y*Y — ^ — f 1 ) 

b cr^ (^Ua^JJ^ caJjL*» ^I p. J c. ^ 4 .Lwj b .c~J oUai^» jl j^Jb jjliu ^b 4>^ aS* 

t Jb^» (_$bj ..ijS’obj &qk J^bj jl 

G\\ £\pq£\km^qk,pm (VT ~~ ^ *~ 9 *) 

<i c^JSj^ ^Uj ^U-ajU- cw?l> aj a 9»y j ^jijSb JUl ^jj b aS 

^Jl jL) 






(*JC f p f ^ V (Su9 


nr 

JjLwO 


-'I ob (J^-i Aj W * 4 cr*J^^ cJW- jJ 1 — ^ 


«* = CV £ a £/j (a,p = \,..., <r) 


Aj uwSy L tjl y Ij aJjLw jjjl a£" JLaj d)Lw .XVL^w Oj^*a l,jjJ C*op <-^ ^ 

• J jjlp jij J 5 '-' 

U* = ^ Q, S a ep 


pjjlj 6 yS\ As^»i jJ aiw<l Ojlii* Cap Ul ji aS" 


du* 

dep 


— Cgp e a — op 


.JlJjL^* a — \ — ^ 4Jjl*c* l» jj ji 4^ 

.JJLmjL-j oJ-mi 4j j^*—> yij—A J ^LaajsJ yA 4j 5*j£ ^ tjo ^Iaj^majIj Y ~ P 

jW*0) Ojj-^»4j u* L# -tj^5* <^lri 

- 1 *^ W *(T) c£jL t^ 


U* = U' 


0) 


H- M 5 


(T) 




0ii £ jj + 


1 Sij Vij 


jl ^yuL" o J L-Jj *£ iji^. oJ~Jj ota 0-^9 ysS' U* ^5" jS*l T — ? 

u* — u* (Fla) <j^^I a 4 ^J y> ^L»*j j±t*^ £ ^Ia 4 u) j* 

4-tab—* dJb>- ^j—4_S* A*—<jl Jij aJ^ l_* 4 j ^jj_ii ^tal* 4 ji oitaI_—J L JlJjL 

OO^i^ - Jij b ^ _ ^ ~ ^ 


r dM* - 

/(Tv, = —— Fjj 

1 dFiA * 


{_£jyt tC-wil oXJj i—flj j*j Y “ Y ~ f ^taLc* *£ i —<Jfc c^JLwjVi o-ib f — 9 

.x^S <jL yj ijl^. b 





Eij ( J!) 

Oij (^) 

£ij M 


w* = 1 (A £,7 £jj + X peg Eij) (^'): £-4? 



*£ ^IaJjlSI 4-j ja i jA Tjj j^\ £ ~~ P 


T ij ~ a in 1 


T = T 

* mrt A tj 


^)l y** i y.J^ b fly (Jliul 



.juiL^d^ j^OS' j! fj- 5 3 j^ j^~Jb aS' -La^ jLu 

o^l^L-* jl o^liiwjl L j u U - Y — ^ j JJl ^ Y — Y - ^ oN^U-a <*~**£j jl *S J^S { ^ j jy, P ~ P 

jJ^^a <pyj£ V — T ~ ^ aJ^U-* t j <Ji A — Y - p 
Ij Y “ p a1i-«~« ji ajul o —»jj A>»*ij ^ Y ~ Y ~ P AtaU-« jl l> b<_£*zJil »^L« <-£j <s\j> V — P 

.Jims' d)bj G jK l^jl*>NI ^L&ojLi 





£yy* JL^-o (y* iauw O to cSLj^S!o 


n? 

oL Oj_^^ ^La^ j£ (u->) j ^,1^1 (uiJi) 

M * ^-<v T + (°i-o r ) y + k-<^ t Ml) 

w *(t) = y [ ( £ \ ~ e r) ( £ r ~ £ r) r + (^r"£j T ] G (^0 

aiL« l£j (^| j» XuA3 <jLtj ... U^ S* £j jJj (uiii Y \ - \ - f A-tabca) U * u_flj jjC j\ ^ — f 

dll / d£jj (Jjj o.« — *> I^ ^*-uaI y>- al5sjl tJLwjL oJLJf 4 jIj 1 y - Y — ^ L Y “ Y — ^ aJ^Ia^o la. »< 

( d£}j / 6^^ = 8 im dj n aS z j-i ^y) dll* / d(7jj = £jj 


Ly^° p-* y cr 1 ^ J o^ 1 c5^- *jy** °—*•* c <_& ^\y ) • - 9 

b cIk' oLD .JLi 4 Ja^-M« ^ - Y - ? Jit* *£ 4 j oL-A 

<l)bj yj Ojj^» 4jV ji? ( _ r ^X_£» ^Lac-j^ jj 


c w - 


(\ +v)0 (q) -v[v i \ ) + a (T) + <V) ] 


(q = v t, rj 


tr 1 <j>-V * 5 ^s—■>r cSLri L> cr 1 -^ 1 lS^o^ ijS'v = o/YO j.E = W* /wi ^ 

.«.Lm 5' J_^L^a yj djjy*a4 j (kSl l - ^j)) 


[°# 1 = 


u 


£(\> Y/0 x ^° > ^(y) — o/O x ^o y — ITx V ^ 

(1)' ■ ■■ I ... o ft m <V 1 O^Ld i_^J j | “ ^ 


v _ A 

^ - v A + Y 


<v) 


\ + v 


I 6* + ^ 
r A + y ^ 


(-i)i) 


\jx_v _ r ATv 

\ - Y v ^ + v 


Y n (\ + v) = r K (\ - Y v) (o) 







(jUb J s u^ C Ho C-SujiSo 


r) a 


(cu—»l c5jU-^l 0) (_£l<UJj_^ j-A jl C^d-All j jli: J^>v« jljlP4jX^ J^>v« *£ JL-AJ jLli 

°b4-* : ^UxaIj) J-ftlj—^ C n = C\ Y + Y C TT oL_^l oj £ <uij t JLj ^ 

^ b*\r = a rq a Xm €qm J a' Tr = a, q a rm 

<_5Ll_^ S yi jjli-J ^jLj^^-4 oLals^J ^Iajjj^a L <_£jl-0 <_£Ujj aS <_£j yp^A jS\ \ b - 9 

C ^ L — o-iy^ J ^J-^J dob 4Jf xjo jLlj tjuil = V* 


. JLmiL 


1l** JiJ 0 JJ^^ 


[C*] = 


C u C u 
^r C n 
C^t C yr 
^y\ C TY 
C Tr C T , 

^ty ^rr 


^r C\ T 

C\f 

C\ \ C\& 


"YY 


^Y C\b 

C\f c\ T 


"TO 


"T? 


■'Yf 


'YY 


jLu N - 9 vV <S~Ji\ jjU; <X jlXy j^> ^ <X L $l^ i* - * 

9 ^66 """ ^YY > ^TT ) C\\ = Cyr jl jT ^--P ciCd-o'yi ^UdoLj A_f JLo&^ 

.C, r = C rr jC^ = -1 fc n - CJ 


<3L^A/I oL* J^w* J&r t^Lri Jr} )y “ * 

• X-A-3 4^»*d^j JLil ji 

• 2“ 4 

“* = y + t C U £ T + Y C tr £ r ; e, + | (C TT e T + y C TT * r ; * T 
+ j (Crr^r + Ctt 6 / + + C ft Sf) 

u5Li_^/l jjl£ jy^ 0\y**jX\ jy^ ^IjU iS <JLZ~j)/I ]a U9M L$i ^\jJ JUO jLw (A - * 

^ ^ rf'ji ^ ^ ^ ^ *i*» ci'ji* c^/^i Ji^r *C-I N = y v> 

.X^L C_5dL-J^/l (jjlaJ A^xJU^XyXy A^rJL^a t aT ■_■. j p. 










Of""''" 4 ,0 AaOv ciL^ & 


rr® 

•° w 'i jjj ?» obUj^ <jiji^ r» - ? 

I £j zlLSiiLi£iii 

G 

?; J^i = . uU^I j ^b (V - T - f -biU*) j, jb jJjU- *S jujo uLi: 

J 4 ^b ?Y = -xjr j9 , =x,/rj l ^ jjsb ^bji cSLSj^jU 

fj ^l^L- ^tjj jij_^ tc^l/* T = jt^tj jl 

* 4f 

<r n = -tr Tt = ? gr,x T / r s , = • , ct, t = r £>G (V --O / r 6 

a, r =-o n = r Qxyx r /r 6 , a rr = ., Q = f(\- V )/G 

oOLo^_^i <d>u_* 4_r jl_* a <jLij tJc oib ^ ^ J\ rr - 9 

( j^U jij jl5^> j^JLJ jlj_^ L () ) - f - f 

u i = <P,i + «** Vfy 

.-uiS^ ^b Ij 4^ oYil**^* J0 ^ 

b ? - 6 - f j A - 0 - ? oY^L-* bij_A j^Li ^\y aS juai jLt: rr - 9 

.ijS'oL yj Ojj^S>4j yU jA 4^)V (^LftOob 

£,i = 77 ("*' rA + C'.J.k - \,D 

e " = -7717TT7JJ a ‘’ 15 

gb 4o a5</> = <P (x y , Xy) gb v—*oi cr^“ L^U4iJ^, jxj cJU ^\ y XX - 9 

-Xlo-ui t-fljjjo ^iaJj cJjlb^y. tffj JtJJ 





rrr 


°ij ~ ^ &ij f'kk "t" T — &ij (X A + Y fT 1 — T.), (i, j, k — ^ , YJ (i_j) 
°Vr = vo;,’ -aE (T-T.) = A £ jV - (Y A + Y /u)a (T - T.), (i = \ , yJ 



a n = D a (?x,\ - fx T r ) 
er YY = Y£>c3c Y r + B r ;t Y + yl Y 
ct )Y = - 5 ^, 



‘ L -^ b ji-• oi' tSlri i£j.r“ •Kr"' (j—^ ■ J A)* i c£* b ji> W"' J - 5 j* ^ lt^S- 

. -L-'^T <. J JJlS* JbL La^jJLu 

ji 4^ ulJD tT*° —^ jj oJLt c— j V jT iS'ij* jl q^Ujl^I L PI — 9 






Oi~* 0 (_J Llo (SLjt£c 


rrr 


1 liii. JSL5 ■V ^lai* l oiLi tX tjlj; a5" a*Ai jLU rr - ^ 


1 JiJ 


H*\, x r) = K x ? - r*'x r ) 


■.XiS 


tjyA* 


^L*jl jjX ciob (i_ji)l 


°Vr]max “ 


A — ^ 

^ * y j 

fa' 

(i—iJI) 

K . # _ 

6 

M 

XM,a 


-< 

>5 

o 

II 

a 

_* 

II 

o 

<E> 



fcC-wjl t^JLP L<L« (_5Jj-O 4_^ 

*- b {t^t^t*) 

Oib yj Uj^5 4 j jlSU _^uiJ 4^ JLJO jLU T = JC^ j CLolS <Sj B 


a- = 


r LTiyji'j) U r *5 oJjfcLb* (^j ^ uU^«) aJLi o^b jLb jl o^U^J L 


0 jbdl ol5^> J^AJ ^yjC-LcJj AJiiya Aj l^J j C*. 


“* cri 


xl 










LSL-.'ytf^UcjU, V 


J j L**t 6 y £** *j\j t V 

J-o—P Ajf C*-xl <j' t jl^ L Cm4I X&^jA ^-jtj A? ojLi j> ^(-Jj A*a>«JL« 

j^Jaj 0jLi a 5"( O lJjb ^sS^ C-wj 1 jOib^ AS'd-w-yJ i*^ 4 ) ^i-AjjiJJ 

o^Lyj Jb- j>5 ojLi 0& I^jUj tiLo-pl Ia^jj a5* ^jL>- ^ 

4_S* j y*& ^A 4j Ju£* !j d»«««*> (l— *.1 <S? j^w*> *«— .*> d*J l^~ lj) 

OjU j! ^UJaA) ^A ^Jxurf jl {£jj A$* OjLyuj^** ^y*& yA I . J-JjL 

^mJ . JL*iij^_*o >» jl ^Jjll_*^w« L*1 td^yxl tJ—>- (j) W|* Jlo 1 ^_J Lj < y jlOda Jl>- j J 

ti (t>) = Oijtij = -p.ri; (\-\-V) 

j (—***$ lj <jl iwJ. pi A_S" d***■>t ciuJl i>» jj(yo j * j (a <»i9 (c>.»i* 4 )/^» ^—»**>^—> o' aS* 

aS" ji J A^yj ^ — V “ P aJ^L*-A jl .O-woU^^* l£~ (*w JuA 

= ~/>. (Y - \ - V) 

jA td w >t l>- A^-A BjLi JLaj^« a5* 

^j£yy> J* 4 ^jjj^ L^-jJ iyyyjl^jO-yA jLm 3 ^ 4 lafl ( ^A jJ ^Ln^l ^Jtd) C^> o'-^-^ 

/>. = -^o u (r - n - v) 

J*ljjl |*-A 4 j y)y 4j dJU- aJjLca ^ Ja-Mi^j P ^ ^ Ojl0^ ^ 

.j 

F (p. y P , T) = O (Y - \ - V) 



(J—■> (yt J & + CK o cSLj ffij 


rrA 

j^J j t XiM.J (iU^ <,d 5 y»- JU- jj ojLi (jl^ 

•( f --‘ , ** , i^ J e5^ 

<*y = -/><5y + r 9 (&- \ -V) 

jj ojLi a 5* j ci*—I d-Sy- jl 45* a Jd*—» yjj jy~j*b \jt^ of ja ^ 

L j y^y* &4b*j}jj±& jU>\jp j[£s t ^1 j4 . 44 '—sJUiL jJU- 

ClJl^ J^P» >—ll—I jt —3 4 j^XjL$*A 4 j— 4 jIj! p j T 4 j d—*vj lj JpUjjI (jLoJb 

^jlxJ |4-CL*ii4 j4l*J 

F (P,P, T) = o (?-\-\() 

JL*y (j^ oily. P c '^£j > ‘ Jb*- ojbi ci|^ a5* 4 j-j» <s*y d - V - 9 aJ 4 U-« jl 

•^y^ey* ot'M L«l iCmmj 


p = -1 (Oii-Tii) (V — ^ - V) 

•^y^Lr 4 yly P> bP ’ftij = °) JU- j 4 «jl— cr j 

(2hJ 4_s* |^j J j I ^.4 jl?l>-4j IJIj! t oJd***>- ^LftojLi 1—i d»V->Lfc* y j4 

Jljj o-ij-^ JL-o L j t4o-i< 0j£~-» Jl>- \j) juL oii^ 

ChJ Lj Ay £y jj—;L“ jl ^b Sj *S ( ^5' c y ^y <, Jo^» 

.j»J jb 4l*J jjJpAj i_JLLlo 

*y = fij (D) (A - \ - V) 

b/*)‘ ^y ^y fj+*£y*»*( ojl— lj ojLi t J—L ^la>-y 4 J 4 IJC 4 ^ I jj ^Lr iaLjjt ^1 

b jt j c—>1 *-j ojLi txSJ. | —' *tj^ Dy ^Ja£~ ^jb ol y*<i 

.|*-y4 L ^4 obw ^jj 4 J 4 IAXI 

r ij = K ijp<l D p q (<\-\-V) 

•^Ly* cT*^*^ b °jL^ >■ ^1 o>“ Kijpq 

.JH-u*A 4 jSoL—>-A UojLi ^U-J d*—I l5 — j^-j JjU ^ji^yy Jjb a 5" ^jolajloJb 



cSkLw** US (jb Aj 6m * y 


rn 

OjUj y>\y- L> ol yj* ^1 ,c~*\ jj^Jb ^ - v - ? y Kijpq 

ojLi l5Li .JjL jLtt\£ Y ^^ij pq yjjJ>A\ <*£a jl^ t- j Ay 

jl C M mI <*ZJ jL*A ^AAlL^jl C yj 


^ = - P&ij + ^* <^y At* + Y /<* Ay (\ o - ^ - V) 

<>J jl .xji^ olu Ij ojLi y>\y- *S J lL M h ^ .\ l w> u(^o/4* jA* <jl y 4^ 

•0.^1 jjj (_ 0 ulb^J ^^oJaIjl« aJ^Liuo 

- a u = “ /? + ^ fr a* + y /**) Av = -/> + ** a, o' - ^ - v) 

Jp^-i .C^J ^ c5 <UXO Uy45 4 j MjyuoK * = ^_ (Y A* + Y /**,) jl jJ 4^ 


k * = ^ (r a* + Y /<*) = o (JhY-\-V) 

J^bco j^iaj b 

A* = -^/<* (v_j u - \ - v) 

i jjl *£ ®-'- 4, Li-< ^ \ — \ — 9 jl j t.LiL ( ^ y * 2^~.( JojZ <j t_ij 

(i j*-~‘)P j^ 4 y)j> dbjj ij~~' 4 Oj£~» Jl»- jJ »jL>i <-£j a* ob-.. *> .l > l 




°y -1 &ij &kk 

Pij = D ij ~ ^ &ij A* 


Mi \r~ \ - v) 

£/ <i!>. J 
( v ^ - v) 

V — f jJ Ij Lfil ^^1 l.U...*b 


S i j+}d ij a kk = -pd ij + ±d ij (rX*+ \ f i*)D kk + T n*^ 


OT- ^ -V) 





rr• 

.^^yJii^A c*ji>* aj a£* 

Sij=lH*Pij Mh6-\-V) 

oir = -r (P +K *Da) ( v \6-\-v) 

JUjJ ,jiij Ol £-*_>•> j -kLjj' o^- 7 ‘-*Lr’"* b ^y~ ^y Jh Oi* 0^->* 

.jjL.^ JaJ ( _ r ^«- j jLli li lj 

i j«SjZ~*I - jijk Cj^iifLA ( aoky^" oYjtfco Y ~ V 

j tJiiSsj iai>» oJLi JU^l Uj L !j cJU-)) UojLi a 5L5U^I b 

^jJjl (J^ 4 -*- 4 JpLjji C^p-j-uj Aj L**j£*m«4 

o ^jj jl£> o ojLi Aj jiaj j* c$Jj^ iS^ji j*5*1>- 

.Ju j*Zi ^~olj Jb b jjj olju^> oV^bc* ojLi ^^Ss-ulSboj^J jb»j 

(? - Y - & aJ^U^) aJjU^o (<—i)l) 

P +pVi,i = • 0 - T-V) 

(T — T — 6 aJjUuo) <zSy>- oN^bc« (<-*>) 

°ijj + M =pvi (r-T-v) 

0 o - v - f aJ^L*^») oV^U-« (^) 

°ij = - My + A * ^i> A* + T p* Dij (x - Y - v) 

or - v - o aLLc*) aLu« (o) 
pit = OijDij-qi'i + pr (T-T-V) 

(^ — V — ^ aJ^U^) cJL>- aJ^I*«« (<^-») 


P = P (P,T) 


(6-Y-V) 




rn 


C$1 ^ Ub 6 j (w Y 


oJl>- 4j^Uco (^) 

U = u (p, T) (P -Y-V) 

(\ o - v ~ 0 ^Jij\J>- Ojlj-A 4 JjUc« (g) 

q> = - K r ; (v - y - V) 

j V — A — ^ Lj \ — A — 9 O^tat** l?** 0 - oISLl^o I 

Y Ay = v y + vjj (A - Y - V) 

oljJlTj/? ; ft, u, Ay, v i ,p,o ij J^~YY I^IuYyL> 

oM^b—« 4 _j jLj jaii O.Jj? .jI^JLj ^^aJb- aJlL u ^q j ,3jJLj jia3ui^<P ^Jjl^>- 

fi - A - ? 4«tab_4 u5ta J A - A - ? <Jjb_- j T - A - ? In - A - P 

O^J j Oj^-s^4j Ojl^^ 4j*jJ jl 

P=P(P) (^ - Y - V) 

.jcjo^ J-5ta£j p j Ay , v i > P 7 °ij J> V j ^ v u5ta *S 

lj OjmJ O^tab* j |^Jb L Owj) ^jStao^o <Jji ol-^- 4 oV<db* j! ^Juu 

^Jjb —4 j.3 Y* — A ~ ? AJjb —4 1_>- Lj c ,X>sS j*Jbj^3 ^bojLi JjLmu« j.3 

OwiJb c A - A — 9 aJ^Lujj 1 —jL yu j! ojblb j Y — A — 9 

pVi = P*>/ -p,,* + (A* + p*) Vjji + p* v i}j 0 o - Y - V) 

Lj olj^-Jb O^Ixji ^^jl .JC-iiL^-4 bojLi 0^3 b« 4j uijjjc* 4^ 

; P; V; C-jb <jl^ 4j^bj» C-AA .iSc-O uSta ^A"^ jD-A“P l f “ A “ ^ C/btabj* 
^^Lil A-tab* u5ta T - A - 9 4j^bj» 4 S ij*j?rj L 3 j-i 4 ^y .JlJo^o J-5biJ lj T ju, p 
(*-djta O^tabo Jyj^JLj jj bi3 J^jb j-b — jJ jL oVib« tC-Mil 


j y ^* ^> L i_dj 




X > { -o (j* &*h**y+* Li b Js u^wo cSLj ISuq 


rrr 


J^wAj \ O - A — ? aJjX cXib oXi ("A* = - 1. [A* ) ySy+J\ IfjJj jf\ 

pVi = pbi -p fi + \. p* (v jfji + r Vijj) (U -T-V) 

~ jjjl-J oV^l*—^ i-Lj*Lj ^ — A “ 9 aJj>L < ^ c.Jl>- ^*ix>- aJ^Ljc« ^I t 

b P J v i <JjW b jW>- J- 4 ^* <*j**y* b ®ij*-» 

tlA V 

c j* 5 °xi obu oix> ojLi JjL^ 4 JXLiJ £lyl ^Lj 

J lA 4 ^ L^ 4 -*!y ^Jj aJjI j <jjy> iaulj-i b oij^-A lj ^y^aX 4 jlJX* O^jbc* JLib 
a 5LL) tjl jJ «>jlj Jby Aj L^J Aj jbu XjIj I^J ^Jj ^j^* Jaj 1j-i .XiS* C+*j~t 

UojL- ^^x^*>- (_£jj (((^jj^® ^bo |*-A aa1j- 4 ySj >i Ajb 

(j(& qLj &aj cx>^J jjl jj oXi c/btabc* JXLi; *£ ex!^5*3 aj ^j)j .*jb 

l^ j ^Xu Olia^^L* Aj jbu ^ylZtZS- ( (^Ltb (jt*j£> .XJjb j y* U 

r - V 

A ”* f' O-wo—X> oXi AjIjI jJ oXu> ^UojLi AjJUor* aS" Xtfr- jjb 

jl e ^H.J ^i-Aiw^A —^ ^Xm«1j^^ 4 b^ LAojLki Ji lj l _ s L»I (jii 

b t^- 3 jiJ^” jl»j ^la«j jl 1-JUr <S”i j-i ^ Ol Lstf»y ® ^ buJ 

lS^*- 4 jb^I>-! Aj j 0 3jX Xwi b X 1^ Jjlxu Jjiaj a5* oU ji jl ^Ixj t Ufcj I Jj 

lj—jj* ^UojLi aj cX b ^ 

xiL| o j!j->- ji Jj^_*wo cJL>- aJ^U—^ ^5*1 c L sjL& &jLz (XJi) 

b ( *^-Jb_>- Ob-JLJ oXX jL-j ^ — A “ ^ aJ^L*_ a la^j_7 A-S* aJj.^ U a a 

^IaojLx xS'^ XX Aa_j bj—X ji aS' ^jLao jLi J tXjXbujjjjjb 

A-=rj-> ol aJ') (jUjZ^t ob~XJ jj j^Iaj .Xjb (*b XLo jiyjjb 

ojbx jl j7jL>- b Jjlj yjj^- g^A Ai') °U^ J (^-*1 CjIj OjI^- 

.^Ixi^ cibojyjjb xl^x: jlypAj b 0 

cJL>- aJjX tXib xub ojLi t5b £\ (j*<±*Lp$(jZ ^Lt> Ajit (i^j) 

xi 


p — (OjIj 


(' -r-v) 



rrr 


: y J-as 


u$L*-£j ip = o x>\^ jL y £jJ>y (jjJ fy*y b iSy.ty^y 

i^iyy jiaJ jl. Vy = ® ^UojL-i i^b—> i —* 

jlii olj-Ju y>y*y*5 jUj >-& »'>r' ^c—I J **-* <ji-M cSji^p^V 

^UsjLi ^lj_> .Ju jiJo^yJ W) J- 3 b tSj=t*- 5 gs-* 

.JUi Juki^ ( _ r Sy*J - jj.jU O^IjUa i 

pi>i = pb, + v* Vijj (r-r-v) 

^ y^s. Jjk> <.y_j}^ cy. J j ‘ u^-JJ J V* Vy = ® *S 

tju Jui Ujlf u_J*l aS' jj tJu :— & ji-V'jtS’ljJ aS - <j^j* 

.JOiL^ 

jUly3 4 ^ ^lojLi v5o t (<StSL*>( 03 ^) 4 ■ u ** “ g*^ (jLtotjLi (srO 
L d x+***+c>j*£> ojLi -US* o—1 o5/>- Jl^ j- 5 ^ l5^* ^ 

jj p* jA* j?l <- £-*s>ij °*V 4 ^ (Ja($ 4 jLz iSo £*\y> \j ^ xx ‘• 

jci' t |j ^>15”ojLi l5sj jl <,J-iL jA*p ^jL—> \ ° — V — 9 

.JuL^ <ji^l?yj o jj^ 4 ^ Lr Sji+*\ - jjjIj oNul*^ j 

pvj- = pbi - Pi or-r-v) 


ojLi l 5L JTd Juf jl? u5L .j j-i^ ^Lrjl c^ji> o//jk« (*Lj i—IpI *5 

..US^ 0*xJ U jl? o^jli jl 4* o—l J*«l? 
p=pRT (T-T-V) 


jjLij Ju L .JLil^ 4 jJLL« c^j ^Li- jl?^ Ujl? ojL ^olj^ 

. yJLj L 4^jj u5o 4j j cj^a> o J O—>■ j ^UojLi ^ 


jLmJL yr ^ Lr f>- diyr < ^Ij^i ^kyr f - V 

-~^ly <j qLj£> 1j o?j->- t-UiL jUj jl jAo— ojLi ^5L o^j— j?l 

op j— jsJL« c oNU- j^ .JoL^ 

av ; 


V; = 


ar 


+ V; V, 


; 


(jLto iSLj(£o 


rrr 


jij #jL« 4j 

v '- = V J \i 

fi*y ui-M jJjl <!jLm i c->-l j&j olj_/r <Jb ^ tLr o 

pVjVij = pb; -p- O-T-V) 

j c-J o _j£~. JL>- j j »jLi t -Lib juo jt\jt j ojIj L»- jj 0 *^- jlju. _^l t $ j »jjU 
- jjjb c/ibU« t cJU- jj .-L^^ Ij jjl ^ 

jl -l;jUp 

P b i -p_, = * (T - T - V) 

•-^er* Jii ^JJ- 9 ^. jtii £r t <-Sb OlSUIp jp ^ ^ _,yjjb ^ j b 

p (p> = f (r - t - v) 

Y p 

J-^b £jb l 5^ ^ Ij l^I c-UiL AjIjlS'JiiU^ t( jT ^ juj^ 

• Obj ji"j ^lajlj la ..ii£2 

b i = Q ,< (T - T - V) 

^j-V> t r - \ • - ? <LU. ^Ljj jl 

/> .« = ~/ > ,i L . VP = Vp/p (0-T-V) 

.c~i^ Ojj-^ (ji-b oly^ Ij Y - W - ? <Ijbw j_^5j ^ 
fQ + PJ ; = o (P _ f _ V) 

(S^Jji- 1 '-i »jbi i_Sb C-abl jSj (jbj^- ^ly ^U- <labt4 (jl jiP«U iS 

.-UiL^O «uljl$*4Ja$L>^ 




iSL~U2 (slAijLi : Y <J««s 


rra 

iSJj <»ibf jjl OJU d^iy *^A (_5' J '^ J - ^ ^ ~ Y (J&> 

—U.- jLii j Juil>/i oJua ji *y>s- ojti oi>w» p^b* b ^ V-'" b * s '**~° 

^ o^tyr oi' tS*y. b J ^ iS u <jlx~. ^ = P- ji 3 > 

.JL* 



^ *b>bc* Ja -y .-Lib V T = V T (JC T , Xy) , V, = V r = » l^Sjp} Jo 

£jJ j^-JLr (J-J .V T = v T (Xr) jV T>T = • jj Cr-i 1 J 1 • v /,f = ° ‘ 

-Jibe . r .T...» >*» ^ J D n = D rr = 1 (dVf / dx r ) ^ J 

jl c—I Ojb* cJU- ^1 jj JJyj <_5— 


Oij = -P&ij + 1 P* Ay 


.J jS” j} 


[°ij\ = 


-p 


o - P p* (^T / Sty) 

o n* (dv, I tor) -P 


.-Lib^y oy~ 

b = g (sin 0 e T - cos 9 


.vl^uil y_j iZJjy0*J tSb^ J 

Oijj + P b i = P v i v i,i 



(dj>J = \) 




fts'ji * = y; 


P ,r + C3 v T / tir r >) + p g JM 0 = 


ftsbi * = r; 


-p r -p g cos 0—0 


^TaJaLm jltfji’jl/dlli 


p = (pg cos 0) x r + f (x r ) 


(x r - h) ,p- p . jljl Jj ,c~J jl J^>U gb ^ i /('jc T ; jl ^ 


/ W — p.-pgh cos 0 


P = P. + (p g cos 0)(x r - h) 


^pJ>y lj ojLi jLii i£ 

*J O-W l = Y) jSjJlJy J <1 jl jj’jll_^5l KSy, J3 L ttrr- 


■ sin 0 r . 

—- jc r + ax r + b 

u * 1 


•r-^'cr 4 1 


*(HL>*-* tSjy 4 j* L»l cSji&JIIj&l (jUc*jL‘ 6 j a 


b ~ ° uilriMr = ® J*j v T = o (\) 


a ~ sin 0 tvlyfcj.iV. = h *S-J, o rr = 


a Tr — ° (Y) 


r* 1 -^ a - (ps h ip*) sin o cSj^.k- aJjU. jj 





rrv 


cJL*» US <5 It* 4 j * Y cJ^ 


= eem° V ' h - X ') Xr 


J5Li, (jjJj LSb' J ^ 


, PS sm P k i 

J ~ 2 //’ 



jL j>- j*-y i j i_j j^>- w *£ Juil; 4 j «jLi -So o'-b-*j^' 

iLfjl WLYY-W-Y *J jIw Ja—y *5” t w ^b £ jbjj oJU- ^jJ jJ o—I ( ^^£>-y>j t £- 
■f.-C. j^jp- (^tb> J-5 lC—>1 yb» b- <U-A ji jL?w-A Jjli 


| £ ijk v kj = 


L w = i Vxv = l curl v = 
r y 


(V - Y - V) 


j_bl«_j 4_S” 
j-ij Ojj-^xO C 


j- Sj &\y 6 curl ( 8 rad <t>) = 0 cSjbJ 3' 

e.ju. J^Jb o'Ij O*-J— o'-V Oi-*^ b V - \ • - f 


V; = (p i L v = V (t> 


(A - Y - V) 


dj' curl V = o ij-i aSbb ob^ o'y ^ t <^'j j J 

.-... I J ...■•■ /-_■ (^bi (_yb J *' »J-i ob A - \ » —f <Jjb* ji o' J C~J 

.jL*iL)^« ‘ z.- • •* ^ l olj^-A (w^ipi *S 

o' y^ b j Jj\ -OiLt* (.yjjpSly objA- Sj c$'jJ 

.JuT O—iJu gy> *JiU-* Ij iy*J v_—S’ p ,y~y J 






(_£ (j-» &Z***y*+ (jb o cSlw^Swo 


= c 


rrA 


(<\ - T - V) 


0 jl —*** j*s> C)\j_y>- Lo ^IjJ .d«.«*»l ojL> jJ C..-g>C (ji jj a5" 

.J^oJ i^SjJ |*-A L L>I^J Ij aJJ> l_*_^o J ^J jl aJ^L*^o 4jJ Jj^I^j l^LjJjJJjL> 

f cT V v /^ v /,i = 1 (W-T-V) 

*j *JjL^> ji ijU|*S'l J 7 J-—Jla otyr ^y .jjIj (»U ItbjlScSLaLjj 

<P,u = ° k V T (j) = . (\ \ - T - V) 

jj »j>y jl^j a - \» - 9 jl L c^e-y* jUuI ^\y ji 

^ J*- c£ly jW jj to—l ^yki- JjLw *S c^J jS'j oIjL- UcJ 


Cjtj ^t iJyy. £ - v 

lj ? - ^ o - f aJjU_« tJ-iL S~jjyjj\j jIi^jL Ij ojLi ^SCj ^1 

j^i^- Owlj jj 


pVi = (Q + p). 


0 - A-V) 


oltj—* -k—<> <-& «J-L« <yj ^ J>- ^ jjjjl c-—Jb jj ^jlS Sj jl 

0 ^) C^£>- Lai jl 4JaiJ y> jJ aS' p-^S^y* '-*ij* 2 

lS^^JI^LI L .xiL^o jLy>- -UjL- jl-kul jj ojLi olji jy~-» <. c^>-l^£u jl> y>- ^5 sj 
<5^^Ij oL) oIjj^ y* £>>"j ^ ^ <>) yr -Li- jIjll«I jj \ - ^ — ? 4 JjLo jl 


rjK 
J v Ot 


dx t + — + Q + P ~ G (t) 


(Y-6-V) 




rn 

aJj6u> a_j jjJ .o—I b^_yr -k>- ■ 3, - ii,,l j- 3 u-'- 4 - 4 j'v. < -*'i ^ x < ^ ^ 

<X <u (_$_^JIj^il 3 I <2 (0 J>^j gk O-SIj o^l^Sb cJj~ J\ .o-l ( Jyr. 
j£\ «,,_,%j .OS' j-i; (_sij£o -o ok>r ■!*>• >-& 3 1 ( j s ~ > - 4 ^ • x '.b c r 4 lt-*^ G 

.o—l j~*j> b^tyr JZ j J G- 3 y 3 .t 335 *" 4 '-^ J - t " Li ' J - 

oT jj oS Q = g/l ^yy^ t - Li '-! (•—.H J j'-> cS-*-* 3 W- ^ L^ 4 ^ 

.j—ojl- jj ^ y> ^ia— jl ojl-Ul Sj h j o—l <jjU- ojU g = %A\ mis 

0j — —by«J oPj— ^lojl o' h v = v T / X g j jits £&Zj(o\y*o.hp = P I g 

j— Jjbl_p- jjljj*S^ljj (^Uiojl— (_5ly_ ,_yJ yy 0IS0I 


h+h+h=h+ — + — = G. (r - £> - V) 

p Pg 1 g 

^jy^> b (J ~S_>o-l okJ JJ J-ai jS 6 - A - X aJjU^. Jijk 3 1 ->SoJ (Jjj^k b 
oisbs Sj jjj ^k- jib&si -o ij ou <-& oi 1 ‘r 3 -- 5 -^ 

\j ojl-i 31 o_> Sj by- r c oy~“U£ji~ oi 1 "^lT 4 ^bo 1 

•r^r* 

r c = (fi V; dXi = f e ijk v Kj n, dS (f - 6 - V) 


C ^ aj *_y>- J^b* 3 -- 3 J C jy^~> s jJ»- n i $ ^ ^ 

Oj^j'j j curl v = « t o—l b^yr *£ o—b <>■ y oL .oiL^ 

aJjU—> y v - Y - 6 aJjU—> bsy jlSb L lj by^tj^j^ cS J L« Jio> £\ .lyi^ 

‘(*-r^Lr^ Y - U - ? 

r c = | (Vi dXj + Vi dVi) (0 - 6 - V) 

b\y^ b CK 1 b ^jyjjb »j , -*^Sb <iU 

<bcJo OjIj c5^. b Ot^ Aj»- 




(S^ji (jLe>Ja^e>w cSLilS* 


rr 


JJ Lm> 

J-^ b l) T ij =r ij-J d ij T kk *J~-- jSi-J j 5,y jLi-J ^lj^_il | - v 

S^y = Tjj *£ XcS CUjIj j y^a 0 — V — ¥ 

'X --X oa*s “J 1 - 1 ^ X 1 ,* r ij A) (<_j) j o,y 2) ( y (Jl) jl Ip ^1^ r - V 

■li” .uaj jLi: 

r U = («■*-±f*V dijDkk + l^Dij 

°ij Ay = -/A, + K * A, Djj + fi 9 kill): 

A/ A; = K * (# DJ T + T p* Ay A; ( V ) 

X-S ”^-> J er-X—<* -I s j — 1 <—s' ij ya; «ji—s <_& ^tj—, _ ,i aJjU_4 r-v 

.JLuUi K* = o 

A/ — ~ P^ij Y P* Pij .' j»u«i L 

AijjJ opli jl *5oJ L yajj .jLS J» oOpI JiL, ^ ^jU l&t-v 

pu = ~pVjj + A* v t< vjj + |p* ( ViJ + vj/ + k J, + pr ; ^4 

->-i■> °-X XjJ P J D J 1 <_X (>V «jLi i* J*~Jb <3 - y 

.0—^1 ojui 

V - J K * D jj D u + t**PijPij, o\j>*S K * = A* + £/** 

^ / 3D,y T,y a5* Xa.> jLij tXiL^o 

oX^i <Jljl -d'x^'^j^ Ij 6j Li <X ^ - jtjk c/^U* ^lyxJ 9 - V 

•XiL^ \ ° - a - 9 ji 

Lp’j* k L> "J 1 - 1 JS" p v, = O J^jX^ i^a L ,_jjl^JUup jLj*. cSC V - V 

aJjU j ( j~S'y~'l - Jijl! oLj^r jil o»« jZj± ojU iX, <5^,1 

.XAi fljLi ^tjJ ij 

pv,- = PA -p,, + p* v ijjt (i,j = Y , r) - Jijb); ^ 

v i,i = “ - ri = t , r) 






ci u w Ltb 6 j Lit * Y 


.-LjJa_i jJ lj 4^ljLTAiaiL>«^ (_$Iaj j*j CLs-LT oJiL*^>- yS> l&jj ^!>jjL ojLi e£j A — V 

jl c..«...^l OjLp V $ja ji ojLi a 5^ Ju_&i jLiJ 


f 1 ”•*'-//■“■/"/ 


jlliul a 5” (^jjiajU-A k_j jj»- c jiJJ (jl o LI^ .- t ^P J± Jbb^ly ftjLi LSj (^1^ 4^ JLA.5 (jLtJ S - V 

Lf ^j>%^>- (jlbjj+j LLs-J 4^ CLjb L JjL 0 jLi <_5 \j CLPj~J J jJ>- JuAJ jLtJ 1 ® - V 

x*S Jg L jjwji.jjjlj ipLjt Lj Wj — V}j rfJiLco ia-wj^j tQwji clSj^- <JL^ jj 4jljlS"4jail>**<> 

. Vj Wij = Wy V ; -y C—Jjb ^aI^ 5 *- ojLi ^1 jl (jL (_£ljJ 4^ 

ll-^I ( j£*+—a jj jjljp—S*I j_j ojLi jb w _^>- jbj^ 11 — V 

. JJ j_^j «CwjjJ jj j Oj j^o>Aj 


P v i = A' ~P,i~P* £ ijk w ki 


•^b ^ (ji-AlS" jj j o JJ-4> 4j jj jl 4-bU^ 4 j 4j^U^3 ^1 t ^yljji jJr CLS* y>- ^Ijj aS JLAi (jLtJ 

PV; = pbi ~p }i 

®j->^ 4j.iU_» j jJjl 4j^U>j y L cjwji oJLi e-jiiS” ^1 jj *£ ^jjiajloA 1 f - V 

. Lw Jlbi Ij ^ o — ^ o — ^ djibco (jijjl O—*i Ju 

uL-J jJfij jJ Jj T = JC^ "h Xy <1)1 jJ *S(J) — XyXy / T CLPj-mJ ^j-. wLu 1*~ V 

45* J-L^ oLjM j JjjjI C—J-b lj CLPj-J (jlju» . Jji"^ ^b ij 0^7 = O 4 JjU> 3 4^ JuAi 

.a^b^ J ^ijbjti'!^ ol^pr t>J 

i-bJL w A IaCLjL ^ J It (jl ji ^5* J—ibp ~* Ap Ojj-s4?4j ojLi dJL>- 4jibcj> ^5*1 | f - y 

J-5 LLsLIjJ—S^j CLSb-J>- <_5 nj (_^b^ L^yj- JLAi (jLtJ .JL^b^a jj *jl Ij (jL jS^ 

.JLi JlaI jjL oJLp- ^jjl 


Q + —W Y + 1V Y = cjob 
(k + \) p T 




( J* 4 ^ ]q *+&KQ ciuy) ^S3o 



<1)L—j ^*1>c-o_A .C-^l T ^ ^ ^ 4j,iL*» ^L ^ ^ ^ 4_tal*» 4^ JLlS' — V 

lIjIja-u*—!) ^y_i ‘OljlS'4_iisUt» ^oJ>C» ^IaJjaj CU>*J oJL '+j : ~ +2^jS' cSLjJjjJjL OjLt C_5 vj 4^ 

■(& — ^ ^ 4_taU^> 4j jjjti ^_prj) c*v/l j 

4_S* ^ylPj—J <jl-L_* lj ( J—5w <JjUx* XyXy (_£S4 j>*jL^ 2 j3 t_jijis>l ^ j^IV — V 


• j i # i 


J J ^iJ 


▼ = f*r -V) e T + (x? + x T j e,- 



T c — o ; 





/ A 


i -/i 

^ jfc^ c S+x»U oy*-** {£*\y> lSjJ j*l JjLm>» jl ^jLm-j 

^y_l_Aj j L ^yl—T Aj jly* . Jll^A 6fc ysyX[J( L <. < jX+Jo i£XX*U <.(BR) 

jl jl*_j a_Jj! ^U_jS ^iljLj (^4-j. v-£~—^1 ^^rr y, ••£j^J* 

tjj ^jS* jJjl>- \ jjj aSoI Ij -5jj c—fU- j* \S jjj 

ai>-Ii-— XjI^5 (jj^—iyJl£Jj .^j5" ujcutS* ij (u5o— ^1 oy~*£\ Jy>-) 

jJoi <^>j3 Jjlij^-p (_ 5 Jl«L>* 4 j ij j»U- c^o—M a$" o—I j& JU<aj! oly^ <> oXi 

C|v5"^ylj—> L ^x jJ^j*jt jjj 6l5^«l jJ ^ JU^l .xS^a Jj ~^j ( c+~*y>jZ) 

qXJxa aj cr i-i5' jl Xu aS' <.Xjm,^a Ij J^IS' jxS oJU- ^ Jr*** J J Jjz* 

jl oJL^i c-jj ^U^LJ cjl ijjjli' <^ 0 ^ -(^AxV. ^ cS^r ^ °j^J -0 ^lt 4 

^5* Lajj b JLj^ 4j .Ji— o.iUi—I ^li^S^o ^laol^i-* jj ^Ijj a^^jj 0 *^ £^-*^1 

U^jlS* .Jujb 3 J ^j^j ^ alj jL-j c$Uj yjli'c^lu£o—'il oOj3y 

(jlftAj Lj ^yl jjw* j+aX»u> Jjb 4j ( jijbcJ Ij uSO—'V jLf>- <•*■* ij 

Ij ^j*M^>**h *0 j^ <jlo.il— ^i-iS' l —115 s jUoy j5^ j^ ^Xprji j ^Ujjl oJU tjyj^ 

a_j ^jb^j jUs^y>«— to-* jI ^JIp o£o—M -tJy j^ 

^1 J~* ^-JI . J j-i» Lr ^ o«^ (TPE) <SxX» %y> J (J Lto U( * jJjLS* J <**-y c^w 

^U j^>y-*-^l 4 ^ Uijf jl (ijb-jL* JjL5 jjJ? 4_j j oJjlj oL^I i£jj\J 

i£j*l U j^ <. J XLu X Jx.J)1 A^j. t5^CwJ y* y 4^i jLs^^JyAy 

aS jjb (JjJjcu JjMj .o—l jS*l-Lu ^jjjl oiU- ^l^» oly^ j J^*yi ^ 

L Ujjjll—I Jy .O—Ujli L ^y-iji? jl Jj“0>^— JLz^y J JLs^j% i\y* L ^Iji' ^ 

J>Xa ciih-A Jiw .o—l OjLo> j^i? aj #j^o J^^-’ £y*h J-*t cr^ 

Jj oJ— 6^Ul—I ^j«— i? l5o—N l-J L y?y+tz>- jJ Ij ^jj ±)lji jl ^IaJj^j jj^jS" ~ JX> 











Ut: A 


Tti 5 


^^-ddS* o-ojlio jl JJLa 4 j 4jj^oJ ^ij £ *£ Jd5* a>- jLxu j y y* v«& aj L 

«3^[^3 jl-XjLo c_u \ A j j ^^ aj d»«««> 

Oj■ a i 4«_S" d«**<1 >m^.<wi-.».*i^[ /, Y o o jl ^ L^. . ^IjJLa I .—lajqLw w .) 

/.Ci° ° 1j Y^ ° ° ^Lj^ 4j LA^a^dm'ill j La jl L^uj ^$1^ ^. 3 . slS^a ^Shdr^-ud” 

Aj ^JLLoJ A^ Jjd^a ^.ilJ^o 4j L^-JdiV j. 3 eJd ^bdl J c5^ <Jb*Ojl . Jd^j^a 

J b -MrfJ (jb-O ^^l^jJ |t~A Aj *» <3 1^ (m>)^J ^g«*.MMM>I^J Aj » « L*<<L 4-d I Jj jj La jyS* ^^jd^" 

jLbja ^I*jj5 "^I^j d»>l J.J jj ^ji jl ^IaS*jA .d**.*! i-^ d d^l jIjj cJsj jl jJd«d »«j 

(^lj—> ol ^bj ^LajIj jIi^Lm* ,d***<l /d ° Li Y ° Ad j# jl i— aIS* c_j jJ ^5* ^*-oj j£"ba .JuloJuJj 

^JjJ^IJLj) ^1 >—^rfwuo . jb^ jj^j Aj j JjIoJmmj A-m^L** ^^ S*. A*.^ 

J**3 ^ia>- A~*-b do ji A$" jy^> jJ tJlAU^a jLxJ { j)a > m (JljLiij Jj>- J5wAjaflJ 

.Jjb p- * L. d ^jCCJ jl 

jl JLLAJ^_» (jl_,.t.) La^Jl_5 A_j Cm- d ^jbd-a jL_mwJ jllij ^Ss-CCjj^ aSLoJ dJlP 

P ^ 

LAj$—-) I ^JLmmuJ^—^ ^La ASb —j jl LajJLj dJ LuuJ Lf)i j ^La 4 */3^^i-a 

^1^—<* (^LaJ^^J^O JjUo « - LCL mmA L** ^ -J -Lllo - LmX 

LajLj 4jJa-3 jl flju>uj (_$1 aP y^jfya ^Jj jjp ^lo^>oj Aj 4Jd*jlj (_$La^J| jl 

^IaIJL^ (jLa^JL I t "^’wT?’{ - s' 4 * Cji^ -Li^d A$"L>t)l jl .ccmm j I aJLi 

^LaJJ^ jl jlju»J aj Ij oLi»jj>- a? ^ j>"j o> <jl^L«l oijj*- o^ aj ^Jj jJp 

duU ^SjC^>>jJ t JC^^a ^13 Aj pJal^alj ^Iaa1>- aS" ^^abLa . JCC5" ^IjljLt <d>jUda 

Jbj*j_ dvwjj^ ji jJ .d^»l jjb^T’ '—AS jj ^Ijj jP <JU<ajl JdajLo 

<3^^L>OfcP A jmmmj L> ^y^J ^*3 ^ La a.) I ^ A? ^ C-L»S^^a ji^ij I (j 1 »/3 > I ^ ^ L) v— mLp I 

L^-jkmj'j! (j^dS* (^I^J ^^*0 j£> tJ LmSj I A jA jl .Jb jb o^La l^J jU 

. 3 y*ji ojIjCUmjI 

jJ 0 Jd Lu auLa tales' ^jj I jU ALuJ^-J ^$La L-^-jl5La jl 0 Jd o^b ( jZ*5jjj t^JUa^a jU 

tjjj I ^ y^J L .dwil { jjzs\xj jU CO Jd d*J>tJ J jl JusAd j3 a 5* AJd^-U jj L) J ^$da ^iLdo 

j^*ba ^la-M j jU Ij ouLa jllij ^lojljjl Li A5"^J ^ dbud^ JJUa 

AX«»^J ^JjI ^^jLm*<I^J C ^d i^ A«—,^m^—>-m*i 1 C^|«A3 jjjjl ,d**«<l ^Iddl ^jjb cJC5 ’ cjL<J 

A»——ib jl L> A—jj-j Jx > J fca ^jdduJ tol Jb^O Aj .J—mj dAl^^ oub 

c^-m«11j U^a^j O^jU aJL-mjJ Aj a5"^j^LmjI j{ d^d-J UjJL^a jl oubldxl j £ 

.|»-* J b c^ mJ b Aj b *>y ++>ojb 4 j uojj CJuloJ -mj ^Jum<k^«j 



f ‘l nmU ^ « 0 / C ^ M 4 wj M / C (fe AjAo f ?■ » (Sip 


ri 6 ? 


jS^i^ j^L j jb ^UJb—jjS' aS* l5 jU^J , ^i>-I ^ySyy jl 
clJJ ..ill—a obioj_^- ^jIjIjLj ^Jjl cib^ j*» t^- j ^Iaa5" cl—I jl ota ^^>-j 
jlaj jl j-i^o ojli— 1 o^j^tjj ^1—23 ^Ia^ jSc^>- CL> jIaJ ^1jj oI«jl>- 

.cl—I j^j-5” ^La|*— 1 jL-« Juj-o jl J—?L>- oJl«I cl—j aj ^IaoJ* Ju>- aS* cl—I o^l— 


(^J (l)L>fc*A Lai tCL—I \ « S/6° JUj-u Aj jlj tj—JL *jj J5b£ Aj cSLa^I JLajI j3 A>j3*I 

cCL—j J ^La J^^Jj— ^1jj ..ijb Jj^-o J Jjl itb>-Aj^lj 

cib-! ^ <-ijb «-^i jj^-J j-A ^Ijl jj .CL— I ^ooooo Lj ^ o © © jj ^Upjl 

JjU j\j2a jjl JJj 4j .c—I li’jjj jL-j IaoL>JL>- J>iJL*J {fJjkj t|*jjb JJj-o jl ^ 

i»^CL—V AI*-—J—VI iajljj Aj O - ^—j j3 (_£jL°! vj£—L jO jj jl CL— 1 <.4sfjj 

<S^y '^LsIp tl^J j->»jj (_$ljj jL»Ju>- jLj jl-UJ ^1 jj oj^ .jj-i o^U—I aJj! Jj^I 

(_$lj>«-« ^LAo^H-jj (^Uj ^l-U-J c£jb»l O^JJ C-—L« ^IjJ 

^j j-oJ-J jl *Ssj» JLo <_£j t Jl— ^I^J .jLAJ^ JujSL— lj o^Lo aS* Jjta jU— 

>5jb {}J—A \ ° jl -jJ t3jb jA C$l3^ ^ Cy^ |*"jl ^ O O O O a£ 

(J^jj ^d jl <oli—I aS* CL—I c$jjj Aj Ajj— j £*^lj ^ -O^V J ^ 

•-^lt 4 b (iJ^ 







/\ 


V 


r -Ajsa 

J*- 1 .* C^r^- ^ y j j aJu^U a 5" ^iiiA a— Ut* 

.JLAJ^ jl— (j 


jl-UJ .-LC^o*XaL— lj ol ^LaoL« j j-^fk 6 b {, { m f a ^ m y* ^1 jl 

i <C. — 0 jJjI—3 o^>v_j j ^LacSjj Jl—aAjI aL^U ^1—I^J o^>ijj i_^j <—ali>— ^LaoI- 4 -^^ 

<-IaI^5^ L=nl {Jjb cJ— lj AJLdb / J^ip Aj ^1 jS jA «a At jl J^^Ji^j ^^1 .CL— I 

iad>* lj (l)b« 1-^J l^LJ A^ Jjj AaI y>- i^f**-* (1)1 A j L JjJp jJ ojc^j Jl—lAjt .2jj 

Jjt-^j^j-j jSoJLSu Aj djQya ^La <SjJ aS' jll>«-oJb .CL— I y Jbol^ol oj—»jj J 

^jjjj °Jj! c —j aj b b^Jl a 5*^jb sy?j ^yJLj ^LajUj—>- tjjj—^ 








(j& J a ^- O vc c 5 uJ> ^ 52 o 


m 


N 

< r "> = 77 S (" /T + ft • *r + /> • /r + - + • 4,1) (T - \ - A) 

Oj-i^p oJJjl (JLj^ 4-J aS" ^o]oLa V - — \ —A aJjI** Jj 4_*ij £ OjLp 

tc—#1 a-Li AZ&j^J &j j j y jl j jIjlaJ a5" 1>«jT jl .c~J yu& a£ o«Li 

jl jl-lL» ^jU ^5*c—ita -IaI_ p- *j*rj <S^i* 4*]a5 d*i>- j+elyl^ j^Lw> y 
j-3 OjL* <jJ IjjLl t-Lil> Jj^Jjl Ju Lj tA«la4 c*ui>- lJJl>» .j^j JLaIj>- 

<L^U ojL^ OjLp l^J -Cwl yua> ^<p- aS" y Y*— ^ ~A 4-tal**« 

yl l^l aj l^ul l ^L. 

<r T > = n/ T (Y-^-A) 


j-j t^j-5* ^La|*j 1 L tol n la . 4 jl ^ aS oLid L^ji aj L^jj! a JL^U 

jj l^i 4j 1^1 J-^ly <0 j£>- a&J Jj^>tJ jj Ojlik: j ci!y. «■* *". * j-" o'j-a^j 

ciW^I < -^d Aj Ij I J-p oLiSu) Qjy tC<w»l a-Li £J_j^J J+. JL 4-oJb 

^l^jl aS tjoLtj 1^17 fljrpuj <-& lj ^1 T-A J^-i .*kj£o j* aJj^>j ojp*jj 

O-Li £*lj JL*I>-I .C-w/l ®-Li o-ib jly 7* jbjj aJ L -*j Aj dV <-^>-jL-^) j-5 aj-p*jj jS^j J 


0J ^ jiJ ®jrT*0 


P(r)(ir = 



(ir 


(0 - > - A) 


ur^b ^ ^ Lr^b^ j >* y jl o-jUl^I Ij .c—^1 Qjy ^uljLp a5" 

\a£ C^i ^ A>»«Jo 

r 00 

<r T >. v = J r r P(r)dr = yP T (^ - > - A) 


jl Ijij £jjf*a 4 J *S I^w>l 0 J?>*jj ^li 0 ~tf>l>- jSjLj O Ij^jjjj)j a£ 

Ai^li al^jl jl ^5 a £**it j! JLa;l oj£j jj o aS* 

^UojjjJjwi 8 *S c ii> jjI ^~>-l uijjj*: oAii^ (/),• aj l^l 1; l^jl 







^ ■*' V*-° (S O - ? A^**^-*^ o C_£Lc (So 


^(Jlo-^1 ^" \ — A aJjIa* (jl jl ojlal—I .0—1 Co It ^ a5* 

.jij CJjj+0 Aj Ij l^J oj~>^j (^IjJ j ^Uul jl J-upU- 


F = ^-r' 


(W - \ -A) 


4^-^JT tO-.!A r J A t tA, ^A . -iS ^Uc^J jl J^aU- ^jJU^-l (jUj(Jjlj *S ^jn.. JL 4j 

^Uo4>- jl <*5o jA jj oOi j»L^I jlS'^Ijj toU jl o^*>Jj jA ^jj oJ l— j»l>*ol jl< . jljS ' 


w = £ Vi = yr J A V, = y- [c*®) T - \K (^ cx) 


^Ucu^ jl <*5o j_a> j:> jL5" iIao^>t_j j <l*a ^jj oOi (*^>«jl jis' o^jjT uLol aj L 


Aj OUoI^o 


2>® = «[(j®,’->]jv (^oj-u) (u-(-a) 

n ” n 

v ^-*4^“ J" 5 l^jl aI^U Jl t Iao^Oxj j aIJL*J J >-1 oJLsi £o_>- OjLp a5* 

; Aj j>0 Cw»l Jwj^Jjjl IjJoljJ a5oJ ^y .O-JjC; 

2 V = n<V>; = y </- T >; (^ jjJu) 


A— ji jlS'oljLp £«*>■ j \ T-^ -A aLIjco j<5 f ~ \ -A aLLc* jlp ol^^jb Aj ^1 ^Ij^oU- L 




^yjy-iv+v+v-r] or-’i-A) 


:o-ijj yj Ojj-^ aj oly^ Ij aLU* ^1 tcJ^— ^1^ Aff 


^ = Z y[V+V+V-r] 


0 ?- \ -A) 



A 



f - A JSLi 


6 xi oj—tS'A ^^k— j L J^k -u i£A. ^ ^k- J L. *Jjt J> l ^ 

;juo-ib Jij bjjj ^ *Sc ^I Jj-UG J K *5 


N = — 
V 


<r >: 

G = NA:0—r- 1 - 
<r >. 


^>_.-.< ^gUo—J (T-A JSLi) ‘‘jj-k' ■-& jj lSj^* <-& J~~^ ^ ‘ur" 

.-^kcr* cr^jiJ 


A, = A, A, — A r — ,ry 


(\d - \ - A) 


0 _Li ^U«jl JS”jlSLc—1 9jUi-tA,A T A T . — \ J£~i *j '-rtjfi *■! 


W = -^- [A" + y - r] 


jJ j O^ 

(\P- \ -A) 


SUL—._> 4_, o.ui fUA jtf t L.I iSJJ ••*** fM J^oi 1 

jj »J-i ojb jLU jb" tc—<1 OL-SL t«J-i jToJjl ^S ~.—N o^>- 

J_$Li j-JvJ jt J~s>L-s- j; 3 ^ • c ~-' ^'3* tiJj 3 * -> J jss" ' _A 

#J b j oA ^kiS"uSL jl J~»Lj- iA-\-A <bb-* <4-0 <i #xi '- Jl O* J ' 





(j-—-U^-o (_$!y; (jlto ia^ jH o iSLj(So 


rar 


F _ dip _dW _ dW dX 
dL dL dk dL 


JjL j co-L^. y o ^yyj *5V = A.L. = AL |*j jb 10 -.I IxzS la.<b- Jsbi x 

■uS'o-l jw>lj tc—IA = oJU- ^1 ji JxJiS c~-J aS'UJ jl . 3 jlj oJ^j 4 Jjl 

' -A aJjIw jl ^yuy J Aj^zj -y I jl ojU^J l .—=— 

* dL L. 

jJ CJjj^O A_> a5" 


•f _ ■£■ = G [ A - jr] (w-\-A) 

^ (neo-Hoolcean material) S-it ^.1 jl <u 


uM** 4 ~> V/ <//* r - a 

oLiJ lj >Sjj> jj y tJJ j3 -ciL a*-, y 

j' *^ <_t£jj\ tyrj <y>j 3* XbS~^Ji L jj £ Jx. ^\y ^ 0 |j .s* 3 ^ 

J* CjLL) (C-.I Bjj = F'yFjy ( J£z y~*Z <^J> jy~j(z Oj yja Aj J5Li yyC jb 
(Rivlin \ A) -la-y jl jl -U> j {Mooney \^f°) L yy> JL-y IjcoI aS'^jj ^1 
a " 1 - 1 • c — 1 ^j^ > -A jj aS - ^j| t Jui J .?■--.. 

^ (iL«> jj^' jl l^J jy Jjjj I -U;l jl SjL aS O— I yjJ jT jl jjt, J J>y* 


Lf^jr c53y' o*JJ JSs^i ^j[ 


W '-' w- ♦ 

(jUL b <-~~3-y ^jS jl '-S^j^'jjil ^b !^> x-l j y _ ^/(^jyl aS"jUS'^ y 




.j-ib / r j/ T J, JSw yj*. jj^Jb 

(\ -r-A) 


aS - 


/, 



ill .* A 


Iy-j-fBuBii-W (Y - Y - A) 

Jr = £ijkB^jB rk — det{Bjj} 

Y—Y—A Abl*-« ^IaUL) a l£l ^UolJSy ^y 

; jjj-j»^o aiJjjJ 3 o4 j Ay j Ay <A^ ^XyiS 


1^ = A/ + A r r + Ay T 

/ r = a/a y y + a t V + W (r - t - a) 

I r = A/A r r A r T 


.JUl^l^J Jjlij-p l-JLpI a 5" A3jb j L5 ^tr--'V ^A' 4 3' c5jW-°. 

JjU^ I; JjL^ 3 ! ^1 j3l tc^M-J ^\j Jj lijtp J^L? j^ip 4 j S^U 

J_£Li jloi £ ^Jwi oi^ip aj ojU f^Lr’ 

^yulj ^Llc-jlj L^SJ aJu^j j Aj o^U j m jjlj^l^j C ^ Jg <5” CA*J <^Aj L*iJ J> s ‘‘ aj 

c^j\j ^ISp- jjU^ly o^U \Sj ^\y Jx« jU^U aAJ^ ^yU^I 

pj = p. I (a- v-fi AbLc«)i^ = o aJ->U* aJL*j aj t-6 i j> *(y*y* y) --^lt 4 

a-j l-aJ 1 \ ©—Y*—& aJ^L*_^o j juLo^o c^j\j a 5"Uul 3 ! .aA obj (<—AJl\ ° — Y**”^ aJjIa*) 

°.aS CA-J q-AIj C^SsJA^ j-u aJ^U- 4 (jbj (1)1 jlf' 
/ = <ter{F M } = \ (Y - Y - A) 


c5 jL>/j ^Ju- 5 L) jJ^cJU- AJ ^AjU^I^ ^pU- JsuJ^ 3> O^l 

Aj. js^J jiay J" 5 Ij Ji3 ^JJJ^ ^ ^ 

0(Fm) = 4 (0-T-A) 

045 = FiAFiB ^L>tj 1 3 I tU 

0(C^) =0 (*^ - Y - A) 

oA-i^^^ ^UcJ'p- c^k7 aS' Jjb Ij AJji C^-Jgj-^ (Jjj Jj ^ f Jj J5 Aa 

: jHL)b <f> 31 <i.^ -^^cr 4 jss^ (•—*■ 

-^- Qb = -^- (ViB + ^) 

V'-AB V'-AB 


(V - Y - A) 





Ltb Jo u»^vo ciLjffio 


rar 


ojbLu jj—J b 4 j jjliu jj—J b i_£b 4 j ^yr iSj^^r-^py b jyi^ 4 j>x j 

14^ jl-L> 


J-J^ybj tCxJ o«Xu ojlj ^ V— ^ ° ~Y aJjIa^o b a 5" oJy Eyijj 4-^X i Jk^pl jJ ^vj/y a 5* X^ <3»-y 

X>jy*P 4 j CX-jI ( jSb<wo V“Y~A 4j^bcA 
= ° d - Y - A) 

j Aj (j>ij aS 

-&- + _M_W| 


,i = T"“(li + ^* 


(>• - X -A) 

. JyJj^yi V_4j ytJ 

j L jl ^ bXx J JjLi </f;j (jiXJ ^OJ*. b ^jXJ <5” Jxff ^y 

•“^b^y* JSLi Xi 3 ! JlupU-O^ oly>J«> cibh4iJj^ 


°ij = °ij + °ij 


(U - Y-A) 


: l5 ^*j tXib Lgjl jlS' aS'CxJ yj y y>y O t j olyJj yjj ^UajU y» Jjy» y 


°iPij 


OT-Y-A) 


j XS^JbDij y xlxua- J0,y JJ y* 4^Xy 6biJ ^ Y-Y-A J ^-Y-A C/ibU* LylX 

ICXy yj Ojj^p AJ IjO” <jly y* yjyiy 


**ij fy*ij 


or- y - a) 


I Jyi^yO (jly yj <XjyjP Aj a 5*Z),7 — o tyxb^ly ojlo i_£u ^\y 


W - 


Of -Y-A) 


0 (_£jIA£jL>- b . < \-Y-A aJjU^> jJ (pij — d'j yjlsXJl aJxujj Aj jji» 4j b 


C l A (J‘^9 


r&A 


o y^^y -o^lj W-Y-A 
(NO - Y-A) 


(Jij = -pd,j 

,-.... 1 0J0 yolk OjLp j ojIj c—'Ae- j—ii jLii J^l* (jly _piSLJ 4 i" 

40iy yj Cjjya -u y_ JjUjti’ly oil* 1^0 ji i 


<hj = ~P^ij + < } ij 


(\?-Y-A) 


^u-wJy. ^£ j ^3 j}y *£ crz~ ct - 1 - 1 cr"k 3'' ? Y A ^ Ji ? Ji <L ^ r 

liyi^y Jkji j_y* (j^- 1 


. ^ r, iW 

°‘j = - p6 ‘i + Fl 4 uf~; 


(\V - Y- A) 


jj <S" ,y- L .o—l ^ j^Ij y Lf x/ cijy 1 ^ -> y.-H^r^V ^•' / ~ ' ^ 

*J— y t(jr oijS" (_s3jii OjLp j olyJi oJ— jLos j' '~r~*~J. W-Y-A ■'JiL* 

J = \ y_ Ju jj oil* <£\y <oij^Ciloj W iS^y. iSfiy 0 ^" o^J* 3^ ^ y~?i 

• .-■■* y yj JSLi <j (jly^j* L) '-Y-A ■'Jil** _> A = ' ai'y.^ 

W=W(l„U) (\A -Y-A) 

,i_jO^y* J—=»L»- (jio" (jlA-wJ>* OlSj~^ 3 3' '■i 


Oij = -P A y + Fi, 


rdW 

aA 

dW 

dl^ 

<)W 

jaA 

dFyi 

dli 

My, 

dl T 


(1*1 - Y - A) 


j| ^-IjLp V -- y / T j A -^o— I JLi. .JuloXi oili r-Y-A <!il~ ji A J A iS^i 1 * ^ 

;jj.*■ ^~.t. y jjt^o JUi <0 Ojy*> ‘S (J^— 1 j^*- 1 | 3k J ^ 

A = FiA^iA 

A = y |F* a *FjnFjff - F* Fj A Fi B Fj B \ (Y • -Y-A) 
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-8.95E-04 

-7.33E+00 

-5.45E-03 

-M5E+01 

-8.06E-03 

-7.57E+01 

-1 13E-02 

-1.29E+02 

-1 44E-02 

-1.83E+02 

-1.80E-02 

-2.52E+02 

-255E-02 

- 3.93 E+02 

-294EA)2 

-4.62E+02 

-3.28E^02 

-5.35E+02 

-4.00E-02 

-6.72E+02 

-4.39E-02 

-7.40E+02 

-4.75E-Q2 

-8.13E+02 

-5.46E-02 

-9.45E+02 

-5.80E-02 

-1.01E+03 

-6.58E-02 

-1.15E+03 
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-7.69E-02 
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I jlJU la.b>c^ y b 3^ 


y n (r) = y.(cos ot + i sin or) = y. e M 


or-?-*) 


^iu>xj J-Jal4 J^>1>- ^jZSJ l j^>o J&j jl A^ dw»l ( _ 5 ^J Jj .O-J i — V-\ A^ 

. Jjlia-J jA Aj ^Jc^a jjJp Aj u£o ^5*5* L$^cr^ 3^ J 

^__S" jIj o oLm*5o -^JlSy Y-?—* aJ^Ljc* aJL-^j aj oJLi jyU i_£u jj>*J jS J-^U- 

<Z~Jj Aj bo tv**»«*il^ ^Jbo^pl 

a„(0 =aV* (T-?-*) 


A^ b b oJl>- id****! oJLi C>*-o~^3 jl j) ^ujIj .C .^ 1 JaJb> fc4 O aS obj 

jJ .1 jJm I J+J* toLoj Aj d-~*J ^j boJ Oj j-j? Aj A$* Ij 3$* j -ijJ -Xfcl j>- (0 j\ 

.^*j jbjj^o (j! Aj a£ O-ujL L oJb>- ^wb b$ij ^*b! 

Aj b <3bd^ij ^bJ aJjL*-* j-5 Y*—?“* aJ^Ljl^ j Y“? —* SJ^bt* l>- b 

<jb*> i.Q} J iS^J^U 1 tlr-^b jlaJ j<3 ^ o^l^ \~Y*~* aJ^Ia-« aL^m/^ Aj aS 

!|*j Aj toJLi V“ \ Y — D aJ^Ix-« jJ> aS* 


J T il 

2 4 (>»)‘ ^ = 2 YMicofe™ 




c£^ (J-*" J 3* e t(at AjbJL« ^bfcj^lS’li V—53>- b 


2 M")* 

</ _ j=^_ 

y. at 

2 ^( i<u )* 

k— o 


(6-y-<\) 


i^^yj jj j Jiw Aj j i—AJ jjJ lj 6^ (G (id)) (. J a.l l »<j> JjXo Aj A$* 








(^(j* (j£ Ub ciujlSlp 


nr 


(J, COS (5 J^jSjb (ji-o ^ ° — ^ jl .C.'wuxl oJLi <—J^ o— ^ 

0^ jiJ £*>jj+0 4j o^>- 3 JjX« —^ 5 JjLc« oj^ 4j ^ \ -p-^ 5J^L*» lSLoS Aj j O-ujI 


G' = 


a. cos (5 

y. 


Mhr-?-<\) 




1* - 1 JCj5 

u^J*- <j~ (v • j ^ (^ :c^-i^Vl^Loj <ol» y ^ U 


G" 


cr. sin d 

Y. 




{ jL>jS J J J <^A Lj JUljjl 

(_$Uc*^mJ (j-3 j— a>- J^/ (ift>) tJail>*« C-wujJLL* <—jjJal* 4 j ^1 ^Li 

o^y b cr^ «-& 4j .J-i U-ajU- y*j^ j 


0\ v = a.e 


or-?-M 

Ju^S»U- 6j^p 4 j 





Ju ^ -0 ^Ub Jo Uh^vo cSLj* £& 


J j^jljj I J5Li jl tJall>fc« C~j jlSa^o j i a Jh ^u* Jj-L* Ub J j-«^5 4 juuj^J 

1 5*(j—fj {£^yi ^^^L*c« o^IjL^p ojIai^I Low* I^Sw*j ^ jL*^® 

\s*a i <j JabjJLwui y*J ^Ia«o jl jj (Jl^^-ijl ojLam^I 1j l a l l , > i^o 

4^jI j j*?j Li cijl*i^iL>- <_ aJIO- 0-^ lj T—P—^ <taL>c« 

3 Oj^> aj c^~ J jj aj ^jiJJ ^jjj\j *5* c-s^t p'y t^jlj^U- ^1 jl J^s 


G(r) = G.[\ -<t>{t)\ 


j^At Aj'jSfij 

(To -?-<\) 


coJui ^53 ^jljl^jil>- j 4jj>%j «' JLb *j .c*— If = o oUj j->G(f) jIjlL# tG. = 0 ( 0 ) 45 * 

<—aJ16 — *\ <JjUc« 

cr, t (0 = «»/. G. f' e^G.^ - 0 (f - f')]df' (Y \ - ? - \) 

J-CC 

,_/-»_> j ? = 0 <f ,= f jj jdt' = -d£ ^.IjjUj J - t' = ? .Laj jl/ kIjU* ^1 jj 

:|*jjli JU-? = 00 <f' = °° 

£--J ^^( 1)^1 (YY-f-M 




<** (0 = y. {°- a J. (ia> cos o? + <u sin <«?)</> (?)<Af; | 


e“* (Yt-f-^) 


lYT-y-^ JJiU. jl oilyb. «r (T (f) = y.[G» + iG'(w)]^ 1 cV-f-<\ IM** jl Ul 
G» = G. - ft) G. J sin<w|^(|)d| MlYY-?-<\) 


A 00 

G"(a>) = -<u G. J cos ft>? 0(?)d? 


(yYY -?-<\) 


,<t>(t ) = -rd(t) jG. = G <jG( f) = G[\ + x 5(f)] Jo ^ 




4j>ojj XT—p-S J- 4 U- 


G'(w) = G - Got J -r(£) sin «>£ d£ = G 


G"(m ) = -G to 


J -rd(£) cos 


0)1; d£ = G(j)T — 0)7] 


i/p(t)= \ -e~* lx j G, = G a£(£ jjb *-> &(0 = G\ \ - (\ - e~* /T )| ij^—5*U SjU <-£0 

; jcjo^o A>uij YT-f-^ 


A 00 

G'(o>) = G -Go) (\ - e* A ) sin <w£ d£ 

^ ^ r \ «y 1 GwY 

\ + tVJ \ + T 


G"(w) = -Go, f (\ - e^ /r ) cos o£ d£ = - - \ T 

v / J v ' \ + w r 

o 

4-5" J CJL^Jb ^Igji L y*\y j-> J^-w>5*Lo j ^^IaJ-Lo ^\y G j G ^y y.^^ 0 
Y—6 —*\ aJ^ 1 jc« ^J>j\y tAjlJLo <j ^i)l>- ^ .JjloJ-j) *— 

4 _ 1 ij o^—o.e ia>t 4 Jj! jj j tp-Ji’ 3 UjI !j l ^*LJ i^Uol ofy-* ^ 

CmwiJ 4j i^S AjyyyJ{t) = «/.| \ + l/>(j)] CJjyA* <J b*^(0 # J^ P 

y, Y = f /.[\ + V»(< - 01"" o.e ia “’dl' (Y6 - ? - <\) 


<J^Lju« /j! U — t' — £ 


< ‘ UUc * Oi 


= cr.p. + J.o) J sin w^ip(^) d% + i/.o> J cos w£i/>(£)d£je" u( (Yf - ? - \ ) 


<jl 4 la- n\j 4 j aS 



'J j *'• ' \ ^ o ( C G (jb J s ^&u o iSL*ii (& 


n? 


*00 

J'(co) = /. + J.(D I Sin Q)t;\p(t;) dt; 

(>—aJlYV - ? - <\) 

-|00 

f'(a>) =-J.co j cos a>£ip(l;)dZ 

(^YV-f -<\) 

^y >- L ojI* y> f\(o) jJ'(co) d*jj\ c—o 

Aj (j£ jjJ OIjLp jjJ 

J^UaJ J*#l <U* JjL**a V — ^ 

o'bbl*—« a.L^j 4j ^ J^*i IjSLw j ^^uLwjI 

^c-jIj ^--*J) L>-^ 1 L ( j-o o -Li Lju j j^L> aj f’—Y—S 

jj-b |»m- jj jr^) ^L^Jl j (>—aJif-Y-S 2 Jj>Lm to-Li JUpI 

olj-S* .jjlo-Li oLu Y-^ aJjL*-* to-Li tJLo-c-i ijZS J ^ ■^ a -^ y J^*i j- 5 j~j£ 

Oj aj cJl>- jj ^-Ufo jlj^> o^jj 4^^jb jl ^ ©j ji~£ ^Ujjiu Ujl 

aJjU-4 Ojj^? aj aS f-Y-^ 5 Jj>L t4 iiib tJ JjblS' JSLi JJj aj j tJCJi'jliij iXj^I 

Aj o'bbl*-* tAliL Ja umj ^Laaa)^* J^*i 1 toJLi o.ita V-Y-^ 

IJjj-i^^o jLUJ jIj CJj y£> 

{P}(pu - y On) = y{<2}(c„ - L «,,) (>—aJl\ - v - <\) 

WK-yoii) = Y{fi}(e rT --!«*) 

- V - <\) 

{•P}(°rr - y on) = HQ}(e rr -j : en) 

(o\ -V-M 

{P}o„ = Y{£>}e, T 

(o\ - V- *\) 

{P}^r = T{j2}^Tr 

(i>\ -v-<\) 

{P}&y\ = ^{j2} f: r^ 

(^ -V-<\) 



n y 


: i (J-oS 


o-u = r&a 


(r> -V-<\) 


J «l £ jj i» <o o—l \-V—^ *JjL>c« jl toJ-i Jl— pI ( _ji— >— 

fr 

p-jbU_» j_j ^Ij-j Jl-jJjI j- 5 ^ <X\Xy 4s*Ju& jj ojL- cJl>- ^\y 

aJjIa^o lSj aj ) —v—^ 4j t-Li j j^j ^^yxL^l 

oiJl_>- ^lj_ji <,4 jLjl« 4-> .t-LJi Y* - ^ aJjL*-« j ^l)L^a 

l 5 o <j\y L)a u = o rr = cr n = o j 4 j )S = cr Yt = = p. L Jm ^SwLlJjj-Ua 

t(cu-^l o ^ y = (7yr ~ ~ ° Ij o’n — ^yy == °rr = ^• cSb^ *& '^>‘\y&± (Jjy*-* 4 —* 

3 1 tr^d jLj*s 1j (J ojL^i ^ac***S* «*_j^p • ti—1 * ***' 

Jjlj {, V -Y. JL_a1 J_>- Oj3x_i (_^JL*J t_sljS*ljlj jJ <5* oLL?^o-fc ^ —\— C \ jl ^^y tOUai>v« 

tO-~»l 0^_>- o' J-j ^P \—J ^lad A ^1jta ^5" 0-*J ^yjas> <SJJ X \ '^-^T 

On — o.u(t) jl *S <zs>ttS jut? (JjL^a Ij j-^Lp Loh ja n = o m U{t) ^(^Lj 

jl Jjl JJjIjca a-~h cJL>- jjjl ^y .c,wtl sa = o,u(t)/TK t^WV—^ jl 45^L>- tc-—l 

\ —V—*\ aJjIa^o 

{P}[a.«(0 - ± a.u(t )] = Y{0[en - -^] (^JlY - V - <\) 

{P}[- y a.u(0] = Y{2}[*„ - (<_jY - V - <*) 

{P}[- y a.«(0] = Y{Q}[ £rT - y^] ( V Y - V - <\) 


j <^Y—V—^ aJjIa^o jl tljl^jjl ,Jj jjL*& jl ^ aJjIa^o a*** o 

aj c—*1 a3IY —V—^ aJjL*-« t^l y oj^p .olwjI f yy = ^yt jrY-V-S 


, x ?K{P} + {Q} a.U(t) 

£ " W2> {£} 


(r-v-^) 


31 t<uL— J> 4j . 0-1 J& JjX. £ J 5 jjjtjjl js^i {£} = ^T{Q}/(r^{P} + {Q}) ^ 




(jj City cikLj & 


ru 


j-^-'yy — * : rr jl o-iUi—I \j j Y-V—^ 4-bU» 


TK{P} - T{(2} 
?*{/>} + r{Q} 


(Y - V-<\) 


tS^ji J **> cS^b 1 (^I^J oLj^>- L ol^A j J— uLo ^JL>- 4— ojL>v« j jjiL« 4j 

fyy 9 y toJLi ojjji Jl— » l> <f.pji jb jLj oj b c5*y. {0} j (^} jl 


jl 4^ OjIj ^Ll* jnJa— L ^aLa 4j O^l^Sb jjJp 4J <f\\ = f/.«l(l) !) _ Y _ 1 Jk> 

L f*j)y dljLc- 4j \j £y Y J* n JL^pI C4^3^? j^b—lj J 4^>-L* 

.<-^* S * ^j-*-**j o^°j J 


j — ^ ft 4J^Ia^» o^U l—I aJ^L*_^» 3 ! • 

oLl^p ^jl jJL« jl Axj) .ij— o^b jl^3 *—i)IY V—*\ 4_bl*^» Ojj^ ^t{(2^ == {£* "I" 7 ^} 

y~j j j—> 4 j t( c 5^>- 


*n 



( 6 - V-<\) 


:jl 4^jo 4 ^ ^J^>- jJjjLoI esUjjjjjj L 4_bl*^ ^jl 

_ / 

e " (,> - '’•“ w { I W I (' - e ’) + i) «- v -') 


</ -> o° ^(jL^i^-A .o—l |♦^ > ’ ji lSLjLa* VI jbij Juw£>U*- a5 "£^ = a, — </ = o ?«j 

^ (i 

.o—l (_$»^>- u5o— 'yi ^—1> -> (/.[(Y'/C + C7)/ < \/CC7| = — 

E 

bb ^jl-bb-l JSo ^j)t' rY ( y^*j ^\ji ^L» ^Y-V-^ 4 _bU^ 3 I 

!Ojj— a 4j (^j— 


fc YY 


+ -^- = <t.m(<)[-—-— 1 — + 

r v 7 U^ «• -I *7 


^ f J rj 


(7,6(1) 

\K 


(V-V-<\) 


rn 


^ sJ> iff% .* 1 


*.J yjsy> Aj^Jj J 

_ t_ 

MO = -».“(0 (' -'') + "'“W <A -' v “ v 


J .o—li-\\ aJj! jlj— AjLJL* is»L*«ji y 1 aSo^ ^ ^ ° US'* 3 -* 

.£ n -► (yg - xK)I\nGK oo 

J_5w A_I ^LJ c/bhl— jlaj 3 ! <_$-*-*-> *** uP ^ 1 lT^°. l/J J* ^ ^ 

Jl^ji JjSLi ^Lllj-J oUjb Aj ^\yy> ^ W tC ^•* 

Aju^y toJui oJ)b aHjc* L aJ^U-- l a5“ Jjb jUfc ^Lil c/ibl— <>^3* 

jbij y> y) t«— aJ^U-« tNL ^ ©AJ. iS jy>^ <3^ 

Aj (f = 0 oUj oj'Ap aj tf /7 = <f.U(t)/TK jO KK = Y^ ; AX P 

y^y> y*~* yj 

t[.„ - 2 ^] = J' (». - yj WM - t'W UH - V - V 

■f^^] = r (- 7 )-<■>*’ M-v-^ 

^lo^U ^1jj J^- oLj_}>- Aju*>y jy&^* *j j ^ ; Yt = £ rr aS"c^I j\ 

oLij jij Jli* y aS* oUjb <oL ^y. <z+yj\b»J s <£\y yj^ ^3^ 

:c~J e»JL*i <ob 


^jl^J J!/i3l JSLi 3 ! 0 U 1 J l \j \ —V—^ JH* ill— T - Y - 1 J&> 

.JlJO Ajc^i y tC~J vXjLu-MI i>L*Jl j od^*J 3 1) li^ 4 ^ <S^y. uT^^*' 


/y= (\ — e~ tlr )/G tp-Y-°\ aJj>L*—- » c^j jUa ^ -c^ 

= o.u(t) &\y ^K-V-^ il^l— ^<Sjj^ I 



(jb J sl+ £> vi o cSLj a 


t-^]-j^('—)*■ <™» 

4j ^ ' Y-T-^ iLL« jl ojU— I L J jyi ^^JlIj&jl j^L. <0 c~J aS 


«,.(<)-«.«(0[-^-'+^ 


(\\ -V-<1) 


• «jL. (j-wjljl -Li -Xj>«j (j Li j 


«n(0 = <r.i 


TK + G _ e_^ 
<\KG rG 


0 r - v- <\) 


" J *-i (ji^ t$!^i jl t<jLL« j_^L> <0 .f-v-^ SJjLc. L jil y jj 


•riJj'uy" 




T 4 4 ^ Ij ^ 4jjU^ jl ojLoJ j ^»JLo.« ^ j£(J\^L>\ L 4^ 


^tyO)- 0 .' 


»«)\±i ±l + -LI 

'[ ?G <\kJ 


Or-v-<\) 


•LI*—ol A—V—^ L j^iljj j 

<jr>jj <-> j£~+ij j* *S L-* jIjuj ^-jJL jji? 4j 

^LajIOw^ J^L*i ^(^Ij-j .o*— I oJ l>- jfyo VI Jli* o 

-Li -4 1 <jSU^ jjlkr J-^l cyoO*^ 4 —ji* L ^1—^1 ^y j ^ 

j -^!j (^l^iL^ ^l—1 oV.> 1*» ^ 4 °.^ J y. <.^0 (jijj jjJ <oLoJ 

JjL-^ oJU- (^ijj .o—l ^5—jjj o>«j j ^L-o oV.il*^ Jj jo 

^ L ‘ jx * L . V/ cr-y^J ci^J^ ^ ^o-^lljSLu j l 5 oLo! 4-0 

4_j JjUa-j ^JJ (.Jo jb 4 —oa 4 ^ uSoo^IjSL^jj j l5o—'VI ^1 ^ j tJoiL 

jL) 0>J ^500^1 j*—•>■ jJ .0—1 O—lj j— OjO^J Ojlj £yj>y yj jJ oUjb 

txoob oLoj jl Jio-o Ujl5U ^-Ju j cU^/ U^yo tootf 



(JI^SL ±2 i ^ (J+°£ 


<.xSj**ju jUj ji ^*jIj aj ^oljl 4 j 1j cjjIj JSj1j <^S*i t*oLL« j 

Jj JL-7 tL_djjx_j J^_1 p .Jjj-J^-* Jj. J-J 4j J l)L»3 <j jfi’U- Jj'V jl*>» 

SJl^jj aj (,<7 z y(x,f) Jliu ujUj u£j 


a ij(x> s ) = j °i 


(x,l)e~ s ‘dt 


(U-V-M 


.JuIJj JlJ ^jLj tjL ^Ijb (jUc^i'J Jj JLJ j-oLu S o' j*> <$*•>jJl^ O^b 

4-1cmjIj £jl^j ^ ^UJjJbJ (JjIJj>- Jj J*J Jp ^Jjjll*J <•-.->LlS - 

^jl> L-^J JJ 1 j2Jmw 4 ^ Jj J-*J **y„J ^ j.»>Q Jjui L_ »*.■<» ft' . Jj'o^^S* JJ-oJ^^S f ^C’yZ*A 4j 

, 4 J 0 I i^**m*a j J Jj Jj L> (, Jj 1 I 6 J^*j 0 JIJ 

f 00 d<X;(x,£) ,, 

— ’-r- — e dt = -<*,•(•) + ^(v) - V - <\) 


<i r a::(x,0 c , v _ 

J fT e dt = -Oi/(') -^y(«) + s\(frS) y\d - V - <\) 


j jl Jji—o ^1 j- <5* ,L. * . 5 ' 4 j*-jJ .jj^L > -JIj^i o la . ~- . t ,4 <—-jjj 4j J 

b_> J—^ “Jj! JajljJi jj 9 tJulJj-LJ jl t = o (1>L»J ji 6^ ■ Jr ~- ~ ' j - a 


>j^/l JjUajl 4 .L.,j 4j Ij Jjjliaj ^L^ 1 ' Jb“ 

,^J y4 L > t<J ! J J ft mL « l ‘ ‘ “_J j 3 ? ■ i~ft * J J 4^" (3 ) jft ■ ■ ^ d 1^* 4 1 


°V,;( X ) + ft i( X ) = 


JjU;(\ - f - ?) 


X£ i; (x) = My(x) + Uji(x) ulSUj^- - ^/(Y - f - ?) 


Sij(\) = \Gr)ij(x) Y - Y - ?) 


a, v (x) = rKsuix) 


(ejU-Y-f) 






» Jla^o o cS u J> go 


!<jL«3 aj a^*mj1j I j c->^.}L*_/o jjl Juju j 


<4j(v) + f>;(v) = 


J>lj(<^iJI\? - v - <\) 


^(V) = W-y(V’) + Wy/(X,A’) ulSU^"-^/(^\? “ V - M 


P(.y) Sjj(x,s) = YQCv)^(v) JaJj j(y > f - V - <\) 


«ii(v) = *-,v(V’) 


(o\^ - V - <\) 


—&(jj 1 aX<>__>- -dj>■ £3(^) j 0^ j-5 j —i jL d^o^p aS" 

A—^ C ^ 9* ~ V ^ L*-« ji (^1 A_4j*J liLo ,dJdu_A \ 0~ V aJ jl_*_^J ^*jp jJ A’ ^Jj JLsJ j+JU*A t . . y 

(_£IajL£j o-d f j AJd^ddu^ll J)l_*_^> L tJJJduA L)^°J jl ^Jjld-owO j ^ j i Jj 

A —! Q(* y )/^(* v ) d~~J JjU^> /I cc^l jL ojJj j jL ^Uc~aL> jLo 

JLjj Ojj-up aj Ij jjUa; J-d»l aS*L® ^ b °3^ <>J Jjjuo 

3jI f-* A -^-« J->- cr^^y c-uiL o-Li ^IaIi^ J_>- ^1 :^zS jL> 

JJ-’W ^La^IaL^- Jd>- <SQ(s)/P(s) d~_~J L iXd^l j^jj 

iS^Jd-V b l** 3 '-* < 3^3 ^ j tC 7 Jj-L* aj jgIJj jlj 

d*»< « -> _J ^ (J J wLo L-.*. «■<,«, „> -jJ I jl aS UJ j! ,J>ySi ^yn J l>o I l^jl 

<yJ LS^od^W- 'f-V-^ j V-V-S d/bkU* jl aS'c~J jl 1 « cJGloJui Adi ,y v 


J ^J J Ujyv£l Aj - 


IaOjIj 


r/cp + q 

rKP - y Q 


(W-V-<\) 


(\A-V- <\) 


y jiJ aI^^o Aj c-U5"^j) ^Qaj Aj^So^ a5vJjI y-yZ* L 




»M.|* A*** IJ(^ 53 m* < j ^ 


for 



r - V - <* JLU JCi 


,i_SL>- / j L . - . j *UJ lwL_« y o-U» JU-^I I 4 . 'J>y*Z^» (53/? 


(5j j^J a 5^^JLo-pl <_£ J^-O O>o 4^»wJ ^J rr > *r — V — 1 Jko 

* 

djj 4j oJ lJj cob O^- 1 J C-*.*»I J^o F. CLoli ^ j^tSsO 


o„{r,z) = — |(\ - Yv)A(r,z) - B(r,z)\ 
\Jl 


4j 4JLv«ji_j I .>Aj I <Jl->L s a Z^l/» v_*<<«(_5^°^) J ^ (^) ^ 1 - ‘ 

^5"l . JlAS* ^-*- » -j cC!.*.<u» 1 JpLjw-oI j j? "rrirzfy 0^°j 

yZt F(l) = F.w(/) 4 JL—j <j Ia~» j* 


\ — Yv OjL_p ^aj ‘V (_y° ^T'0 cS^ ^ A-V-^ aJ^L*^ jl . 

jL £jli ^Jj-LJ . ^ ifT XQliX^P ~^(2) < --* J ^ b (-5Li^ v il ( J->- oA*^ j>Us» 

4_) 3jfp_* 1 J ^Jj-Lj ^I^jLj colj —^~ djjy^p 4j F.W(7) 


a rr (r,z ; .v) = 


rQA(r,z) 
X^.v L r^F + Q 


[ 


S(r,z)] 


jt 3 ! <S {Q)I{P} = {(7+17^} jl^ <J^La*—c^jlS* Jx» aJ^U^ 3 ! .o-~>l 

*^^ = C,+r,s 


<J,r{r,Z,S) 


F. 

Yjt.v 


|-r((7 + »/.v)/4(r,z) 
I r/C + <7 + ri 


B(r,z)] 




O l J l ‘ w (S ^ C 5l■ . a 


fof 


L>I_k— 1 ^ ~~ *j J" (^Jjl«X3bUdl ( jI-» jA jl tijlflljl .J J_L>- ^^5” 4j C~*l 1 ^-**• OjLp !jjl 

; j_^i J^U t jUj o ^jIj (Xju-VIjSL-j j Ja- t? ojui ^ 
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avY an an an aLoi/ 
yy * an an an aYY axr avr 

YV a A 

\ A i jj-j jjU 
\M tV • iYV ar tX»L*i* 

xr ^.yto 

yv a? av ax i-b-ij ^.yu 

t a« a*\ av aa aY iJl^i 
t <\A av aa ar aa aY aa a a av 
an anan aa<\ aavarr a\« 
nA aaA aar an an 


r\a aA» an 

YA at tY Y oLj 

aa<\ aa? aaa ar<\ bii jb-j> 
a<w ava avY avr aA* an an 

rn an 

Y\A cJU-jjj 

tav a<\ a<\ a? a a aY a a i^y^-La 
aYA arr aYA a yy aA a? in aA 

Yva aax 

rYA i ( _ r -Sy*-l 0ijli 

aY \ an arA arY i^jyjji. 0J u 

rYY 

rY \ 0 

rrr «j ‘M 

rrr 1 J-^^ojLi 

■W'n 

rr • arx 1^yj i y. 
rYY a* y a> • i,_y^ cJ- 

rY<\ lYYY 

a\ ax av a*\ a? a a ij^-b 

na af 

\ ^j~z> 

na avA avv 1 jS^.r^ 
r Y *\ 

rr * i^jSL.Li j yy jUi 
rxv a?? luSijU-ijj-uk jUi 
y iv a<w i^^objj^y jy ay^ 
xav n_sy» o-ui ojIj c~oj-csp ayii 



y ^yt Ltb o C S’*,» g. 


rrr 


eYYr cYYY c\YV cY tolJu-* c/bbU_. 

cPT* cYAY eYVY eYVA eYVY cYVr eYVY 

m m 

m cr*£> cYVO eYVY c^jU oMjU_. 
cm m m er\ \ cr> • er*A cr*v 
rr \ ttY • cm crrr 
rYY m m cm c ^yy -JjIw 

cY-r cY * Y cY • \ cY»• c 

cr\Y cY&Y cY6A cYYV cYY? cYYY cYYT 

m cm crrv crra crrr om err* 

rar 

rr a cIajis" j 

rr \ cm c^^v aJjLw 
rrv c^^« aJjLw 

rY \ cYAr c^ijjj 
cyy crY erv or? cra crY cjL^i 
c^?V e\6Y cUD c\>\ c\ • • cvr efi* 

Y?Y c\Y^ cUA cUV cUY cY AY 

YfY c\6a c\ * * ca r cvr err »>„> jLi. 

Y Y Y e^^Jai jl y> 

Y6Y Cc^ioiMlj-J Lft jl yA 

YY C(_£jlj y 

Y YY cYY cY* ers, ceSjj-^L- jl-U. 

arr cm <.yyy cyy- c<sy ec^-oLu* 

cY*YY c^r cY<YY cH* cW? c^r c\?Y 
err * cY YA cYY? cYrY cY • 6 cY • Y m? 

rY ^ errA crrv crrr 

c \ff C ^y£y 

i\?W c \?0 c\?r c\?Y cJ£^jr 


Y Ci c ^Lla" . . ° jtjlS 

c WY c\ YV c\ Yr cY YY C^Ui oUk. 

\Y* 

cY YY cUr cY YY cY Y Y c^L. CjUz^a 
Y * A cY*? cWY c^ YY c\n cY Y^ 
m m c^yAj'I jjju 
cr<iv cr<^Y cY?? eY?Y c^^-; Jjj_. 

y* y crAY ervv or?* or&Y 
Y ?? cY?Y cYYr c ( _ r ^~ Jjju 
m cm co^i Jj±a 
Y?Y cO-JU Jj-U 
Y Y ? cY * & cY * Y cm cY? Y e JjJU 

c cy^y cm c\r\ c\r* 

cY‘YY eWA cWV cwr cW\ e\?Y c\?V 

cY \ Y cY \r cY »r cY • ^ cY** c\YAc\YY 

rYY cm cm crrr cyyv cyy? cyyd 
rYY otay crAY '—y 

rr\ c^ji oVjU* 

cY * V cW^ c?A c?V cJjU_JT _. 

cYVV cYVY cYVY cY*A cY*V cY * 6 cUV 

m onr onr or*a cyay cya\ cyva 
r?r c r?* m 
YYr coJU oVjI~ 

cY YY cY YA c\YV e\Y? cC-5> oVjU- 

cY\r cyu cy*v cy*d cy*y c\rr c\rY 
crrr err* cyvy cyd* cyyv cyyy cy\p 
rf * cr&v erro 

cYVV cYVY e\0Y c^jlfjL-- 

r*? cr*0 cYY? cYAY cYVA 





t rr\ <.rv\ iHa a^r c\M tW 

rra 



tfAC) cTAT iTAr 0“A\ tTA* 

TU cT‘V tT^T ttA^ 
ht t o j 


tLaUojlj 


configuration 


adiabatic 


configuration 


lanair 

(_glAjV - fljl 

discipation function 

<_i%i £jb 

stagnation enthalpy 

1 ^Jbjl 

warping lunction 

^jj <^>b £»b 

dilatation 

l 

airy stren function 


cubuical dilatation 

jr-LwujI 


ojl jJL« JCj>- g\j 

trace of a tensor 

jj^jb y! 

multiple - valued function 

Correspondence principle JjILj Ju^»I 

mapping function 

y, b 

principle of 

spin tensor 

cr^yr jj— J b 

equipresence 


orthogonal tensor 

J^obc^o jj^ub 

Hereditary Integrals 


second - order tensor ^js ^3y> jj^Jb 

deviator 

c_s(^>j! 

polar decomposition 

^Jafl 4 j y>d 

contraction 


distortion 

1 — 

isothermal ^JL^ 

JUyjjjl 

deformation 


stationary 


Invariance 

^ jj Ju b 

image vector 

yy*qj jb y 

multiplicity 

j£s 

vorticity vector 

ji 

deniatoric stress 

^s\y>ru\ ylCJ 

dual vector 

jb y 

spatial description 


dual vector 

l)Dj^ jbijj 


lagrangian description 
material dexcription 
reference description 
upstream 

principal direction 

vorticity 

ratotional 


^y^O^Ib jbjr^- 
^Ls>l ^Uc^> 


preuds vector 
traction vector 
eigen vector 


u j^y. 
6 >~ j j'V. 


transpore of a tensor jj^Jb iSj jb £y 
conservation of mars £yr l£ ^ 

Constitutive responses ^lj> ^U^b 
invariance ^jljub 

dissipation Jx^\y 



stretch 

minor of determinent 


Jx^ 


postfactor matrix 
prefactor matrix 
adjoint matrix 
idencity matrix 
arthogonal basis 
orthonormal 
materail coordinates 
Loss modulus 
bulk modules 
bulk modules 
storage modulus 
materail derivative 
multipier 

Shear compliance ^y 

constitution equations 
fundamental equations 

compatibility equations 

equation of continuity yj 4 LU -0 

characterstic equation 4_taU» 


V' u~i 

jJ Lo 

cr-iy^ 

jloL*ju 

JL*l*l* 

Jj-L* 

o j^>-5 J jX* 
Lo 




principal values 

approperate 

eigen value 

body moment 

proper 

proper 

unique 


o jj J jl jJL* 


viscosity 
tetrahedron 
conservative 
control volume 
null motion 
nontrivial solution 
creep 

stream line 
path line 
divergence 


(gji) ^ ^r~ 

lAt*" 
jb j>- ia>- 

Ja^ 


thermodynamic y>j cJl>--yj 

substate 


measure 

free index 

dummy indices 

flux 

fluid 

pseudo 

designated plane 
torsional rigidity 
dyadic product 
dashpot 




;ijul - 


->ijl 


t—otS” 


U 


o Ju jS^y 


°J 




l5o ^ 


thermal abffusivity 

Jr') ~ ‘-ri 

coefficient of vesosity 

inviscid oJu-_^>- ^ 

antisymmetric Ojli^ ^ 

cwr/ J jS' 

stretch 


Q-++* (_£ 0"? u^Ovo c£j& 


tn 

symbolic notation 

(JjUSjLJ 

orientation 

jjH 

uncrement 



o^jL Jjj>- 4^>- lj 

nonion 


multiply - connected 

region 

body fore 

lSJj? 

imperoper 


relaxation 


anisotropic 

L> 

Vulcanization 


rate of change 

Ol ^y 

thermal conductivity 


rate of deformation 


actahedral 


rate of extension 

£y 

homogeneous 


rate of extension 

LT-^y 

steady 

jl-bL — 

rate of stretching 

£y 



indicial notation 



